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SURVEYS  AND  EXPLORATIONS. 


APPENDIX  MM. 


SURVEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES 
AND  THE  MISSISSIPPI  RIVER. 

ANNUAL  REPORT  OF  MAJOR  C.  B.  COMSTOCK,  CORPS  OF  ENGINEERS,  FOR 
THE  FISCAL  YEAR  ENDING  JL^'E  30,  1879. 

United  States  Lake  Survey  Office, 

Detroit^  Mich.j  July  1, 1879. 
General  :  I  have  the  honor  to  submit  the  following  report  on  the 
Survey  of  the  Northern  and  Northwestern  Lakes  and  Mississippi  River 
for  the  year  ending  June  30, 1879 : 

LAKE  ERIE. 

In  July,  1878,  Assistant  Engineer  E.  S.  Wheeler  began  the  measure- 
ment of  a  primary  base  line  with  the  Repsold  base  apparatus  at  Cedar 
Point,  near  Sandusky,  Ohio,  and  completed  it  in  October,  having  meas- 
ured it  in  both  directions. 

This  base  having  two  angles  in  it,  thus  breaking  it  into  three  parts, 
a  fourth  point  was  selected,  so  as  to  give  well-shaf^  triangles,  and  the 
angles  of  the  triangles  formed  by  these  four  points  were  read  by  First 
Lieut.  P.  M.  Price,  Corps  of  Engineers. 

Some  of  the  angles  in  the  Lake  Ontario  triangulation  having  shown 
discrepancies  larger  than  was  desired,  they  were  remeasured  by  Assist- 
ant Engineer  R.  S.  Woodward. 

As  soon  as  the  appropriation  for  1879  became  available,  the  erection 
of  stations  to  complete  the  chain  of  triangles  connecting  Lake  Michigan 
with  Lake  Erie  was  begun  and  completed. 

In  September,  1878,  Assistant  Engineer  G.  Y.  Wisner  began  reading 
their  angles  at  Sturgis,  Mich.,  and  continued  the  work  till  November  8, 
when  he  was  recalled  to  be  sent  upon  the  Mississippi  River  survey. 

On  May  1, 1879,  the  reading  of  the  angles  of  this  triangulation  was 
recommenced  by  parties  under  Assistant  Engineers  G.  Y.  Wisner,  R.  S. 
Woodward,  and  J.  H.  Darling,  and  at  the  date  of  this  report  the  work 
is  nearly  completed.  The  erection  of  the  stations  for  the  triangulation 
running  south  from  Chicago  to  connect  with  the  Coast  Survey  triangu- 
lation in  Illinois  has  been  begun. 

MISSISSIPPI  RIVER  SURVEY. 

As  soon  as  the  disai)pearance  of  the  yellow  fever  at  Memphis  in  the 
fill!  of  1878  permitted,  the  survey  of  the  Mississippi  River  was  resumed 
at  Scanlan's  Landing  on  November  24.    First  Lieut.  D.  W.  Lockwood 
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was  charged  with  the  borings  to  determine  the  character  of  the  riv^er 
bed;  with  the  measurement  of  a  secondary  base  line;  with  the  moving 
and  supplying  of  the  parties,  and  the  general  arrangement  of  the  survey. 

The  secondary  triangulation  was  carried  by  First  Lieut.  P.  M.  Price 
and  Assistant  Engineer  G.  Y.  Wisner,  from  the  line  Fairview — State 
line  to  the  line  Helena  Island— Adams,  a  distance  of  52  miles,  measured 
along  the  river.  Lieutenant  Price  devised  some  i>ortable  stations  which 
proved  very  useful.  A  base  line  was  measured  by  Assistant  Engineer 
Wisner  with  the  secondary  base  apparatus  at  Harbert's  Point.  Lieuten- 
ant Price  determined  the  azimuth  of  the  base  line  by  three  nights'  obser- 
vations on  circumpolar  stars. 

The  topography  and  soundings  were  carried  on  by  the  parties  of 
Assistant  Engineers  J.  A.  Ockerson,  J.  H.  Darling,  and  John  Eisenmann. 
The  topography  was  completed  from  Scanlan's  down  to  Mrs.  Baldwin's, 
and  the  shore  line  and  soundings  to  Walnut  Bend,  a  distance  of  33  miles 
below  Scanlan's. 

In  addition,  for  the  use  of  the  Board  of  Engineers  on  the  low- 
water  navigation  of  the  Mississippi  liiver,  the  shore-line,  slopes,  and 
soundings  were  carried  by  Assistant  Engineer  Ockerson  from  O.  K. 
Landing  to  Delta^  a  distance  of  25  miles. 

A  line  of  precise  levels  was  carried  by  Assistant  Engineer  L.  L. 
Wheeler  from  Austin  to  Friai^s  Point,  a  distance  of  34  miles.  It  has 
been  found  in  the  Swiss  levelings  of  precision  that  different  results  are 
obtained  by  levelings  over  the  same  line  in  opposite  directions,  and  the 
settling  of  the  point  on  which  the  foresight  is  made,  in  the  interval  of 
time  between  the  foresight  and  the  backsight,  was  assigned  as  a  cause.  An 
investigation  at  some  special  points  failed  to  detect  such  settlement,  but 
the  levels  of  last  winter,  which  were  run  in  both  directions,  give  almost 
constantly  a  difference  which  would  be  produced  by  such  a  settling.  In 
43  kilometers  the  accumulated  difference  was  36«»".3.  The  mean  result 
should  be  nearly  free  from  the  error. 

In  the  latter  part  of  January  the  river  rose  to  28  feet' on  the  Memphis 
gauge,  interfering  with  the  work,  but  afterwards  fell  again.  Owing  to 
the  late  disappearance  of  the  yellow  fever  and  the  unusually  severe 
winter  which  partially  or  entirely  closed  the  navigation  of  the  river  by 
ninning  ice,  thus  interfering  with  the  work  for  about  three  weeks,  the 
progress  was  less  rapid  than  had  been  hoped.  The  parties  were  with- 
drawn early  in  March. 

A  party  under  Assistant  Engineer  J.  B.  Johnson  was  left  at  Helena. 
Ark.,  to  determine  cross-sections  and  sediment  for  the  Mississippi  Boara 
of  Engineers.  This  party  returned  to  Detroit  on  June  25, 1879,  as  the 
appropriation  for  the  work  was  nearly  exhausted.  The  most  interesting 
result  qf  the  work  of  this  party  is  the  fact  that  at  Helena,  in  water 
varying  from  13  to  30  feet  in  depth^  a  series  of  sand  waves  was  moving 
down  stream  on  the  bed  of  the  nver  at  an  average  rate  of  18  feet  a 
day,  between  March  9  and  June  17, 1879.  These  waves  have  an  average 
length,  counted  from  crest  to  crest,  of  about  330  feet,  and  an  extreme 
length  of  about  500  feet. 

]St)m  valley  to  crest  they  have  an  average  height  of  about  5  feet,  and 
an  extreme  height  of  8  feet.  During  the  period  of  observation  the 
stage  of  the  river  varied  between  12  and  18  feet  above  low-water  at 
Helena.  The  existence  of  sand  waves  of  so  large  dimensions,  and  mov- 
ing with  such  a  velocity,  does  not  seem  to  have  been  observed  before 
on  the  Lower  Mississippi.  Their  thorough  study,  continued  during  all 
stages  of  the  river,  may  give  important  information  about  the  conditions 
for  low-water  navigation. 
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MISCELLANEOUS. 

Maj.  F.  U.  Farquhar  desiring  the  determination  of  the  positions  of 
certain  points  connected  with  his  surveys,  Capt.  H.  M.  Adams  and  First 
Lient.  C.  F.  Powell  were  assigned,  in  September,  1878,  to  this  duty 
Captain  Adams  observed  at  Detroit  in  connection  with  Lieutenant 
Powell  at  Louisiana,  Mo.,  Rock  Island,  111.,  and  Red  Wing,  Minn.,  for 
longitude,  by  the  telegraphic  method,  while  Lieutenant  Powell  observed 
also  for  latitude  and  the  magnetic  elements. 

The  observations  of  the  water-levels  of  the  lakes  has  been  continued 
at  Socket's  Harbor  and  Charlotte,  K  Y. ;  at  Erie,  Pa. ;  at  Cleveland, 
Ohio;  at  Detroit,  Port  Austin,  Sault  Ste.  Marie,  Marquette,  and  Esca- 
naba,  Mich. ;  and  at  Milwaukee,  Wis. 

OFFICE  WOBK. 

The  plotting  of  the  field  work  of  the  Mississippi  River  survey  below 
Memphis^  done  during  the  winter  of  1877-'78,  has  been  completed,  and 
the  plotting  of  the  field  work  during  the  winter  of  1878-'79  has  been 
begun. 

The  computations  of  the  secondary  base-line  at  Harbert's  Point,  Miss., 
of  the  observations  for  the  azimuth  of  that  base,  and  of  the  triangula- 
tions  executed  in  the  winter  of  1878-'79,  have  been  completed. 

The  longitude,  latitude,  and  magnetic  work  of  Capt.  H.  M.  Adams  and 
Lieut.  C.  F.  Powell  has  been  computed. 

The  adjustment  of  the  primary  triangulation  on  Lake  Erie,  from  line 
Chester- Willoughby  to  line  Cedar  Point-Stoney  Point,  has  been  completed, 
and  the  adjustment  of  the  section  at  the  south  end  of  Lake  Michigan,  be- 
tween the  lines  Fremont — Deerfield  and  Bald  Tom — Michigan  City^  is 
about  two-thirds  done.  These  adjustments  have  been  made  by  Assist- 
ant Engineers  Kummell,  Wright,  and  Russell. 

Ck>mparisons  of  each  meter  of  tube  2  of  the  Repsold '  base  apparatus 
have  been  made  with  the  standard  meter  "  R,  1876,"  at  low  temperature. 
The  determination  of  the  subdivisions  of  the  meter  "  R,  1876,''  needed 
for  comparisons  with  the  Clarke  yard  "A,''  are  nearly  completed^  and 
comparisons  with  that  yard  at  low  temperatures  have  been  made. 

Comparisons  for  determining  the  constants  of  the  tubes  have  been 
continued. 

A  partial  reduction  of  the  measurement  of  the  Sandusky  base  has 
been  made. 

Baudin  Thermometer  6131  has  had  its  errors  of  calibration  determined 
and  has  been  compared  at  various  temperatures  with  other  thermometers 
of  the  lake  survey  by  Assistant  Engineer  Russell.  The  results  show 
that  the  errors  of  the  lake  survey  standards  are  as  well  known  as  is 
practicable  without  comparisons  with  a  gas  thermometer. 

The  preparation  of  the  final  report  of  the  lake  survey  has  been  begun ; 
and  the  first  part,  which  includes  the  triangulation  between  the  Kewee- 
naw and  Minnesota  Point  bases,  is  nearly  ready  for  the  printer. 

The  following-named  charts  have  been  completed  and  photolitho- 
graphed: 

Coast  Chart  No.  3,  Lake  Ontario,  fi*om  Big  Sodns  Bay  to  Genesee  River ;  scale  1 : 
80,000,  reduced  by  Mr.  Max  Franke. 

Coast  Cbart  No.  4,  Lake  Ontario,  from  Charlotte  to  Thirty-Mile  Point ;  scale  1 
80,000,  reduced  by  Mr.  A.  de  Witzleben. 

Coast  Cbart  No.  5,  Lake  Ontario,  from  Thirty-Mile  Point  to  Port  Dalhousie ;  scale 
1 :  80,000,  reduced  by  Mr.  WiUiam  A.  Wansleben. 
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Coast  Chart  No.  2,  Lake  Erie,  from  Dunkirk  to  vicinity  of  Erie ;  scale  1 :  80,000, 
reduced  by  Mr.  Max  Franke. 

Coast  Chart  No.  3,  Lake  Erie,  from  Erie  to  Conneaut,  scale  of  1 :  80,000,reduced  by 
Brlr.  A.  de  Witzleben. 

Coast  Chart  No.  4,  Lake  Erie,  from  Conneaut  to  Fairport,  scale  1 :  80,000,  has  been 
completed  by  Mr.  Max  Franks,  but  is  not  yet  photolithographed. 

Charts  Nos.  8,  9,  10,  and  11  of  tiie  Mississippi  River,  south  of  Memphis,  Tenn«, 
have  been  completed.    Nos.  8  and  9  have  been  pnotolithographed. 

The  new  chart  of  Lake  Erie,  scale  1 :  400,000,  and  coast  charts  Nos.  5  and  6  of 
Lake  Erie,  scale  1 :  80,000,  are  now  in  the  hands  of  the  draughtsmen. 

The  following  table  gives  a  r68um6  of  the  field  work  done  between 
May  1,  1878,  and  Jnne  30, 1879 : 

Longitudes  determined  telegraphically 3 

Latitudes  determined '3 

Primary  triangulation  stations  occupied 27 

Secondary  triangulation  stations  occupied 60 

Miles  of  developed  shore-line    197 

Square  miles  of  topography 104 

Square  miles  of  river  hydrography 57 

Antiquarian  sheets  of  topography  and  river  hydrography  plotted  during  the  winter .      8 

Miles  of  precise  leveling  in  duplicate 27 

Secondary  azimuths  determined 1 

Primary  base-line  measured 1 

Secondary  base-line  measured 1 

The  results  of  astronomical  work  by  Captain  Adams  and  Lieutenant 
Powell  are  given  in  Appendix  No.  1.  The  results  of  Lieutenant  Powell's 
magnetic  work  are  given  in  Appendix  No.  2. 

Lieutenant  Lockwood's  report  on  work  on  the  Mississippi  River  is 
given  in  Appendix  No.  3.  Reports  of  chiefs  of  parties  are  given  in  Ap- 
pendix No.  4. 

A  report  on  the  measurement  of  the  Sandusky  base,  by  Assistant 
Engineer  E.  S.  Wheeler,  is  given  in  Appendix  No.  6. 

A  report  on  the  levels  of  precision  near  Helena,  Ark.,  by  Assistant 
Engineer  L.  L.  Wheeler,  is  given  in  Appendix  No.  6. 

A  report  on  some  constants  of  Trough  ton  and  Simms  Theodolite  No.  3, 
by  Assistant  Engineer  R.  S.  Woodward,  is  given  in  Appendix  No.  7. 

A  report  on  the  errors  of  certain  thermometers,  by  Assistant  Engineer 
Thomas  Russell,  is  given  in  Appendix  No.  8. 

The  results  of  water-level  observations  on  the  lakes  are  given  by  As- 
sistant Engineer  A.  R.  Flint  in  Appendix  No.  9. 

Some  results  of  sand  wave  and  sediment  observations  are  g  ven  in 
Appendix  No.  10,  by  Assistant  Engineer  J.  B.  Johnson. 

Lists  of  the  published  charts  of  the  Lake  Survey  and  of  the  Missis- 
sippi River,  of  the  number  of  charts  issued  in  difterent  years,  and  of 
tracings  furnished,  are  given  in  Appendix  No.  11. 

Sketches  are  forwarded  herewith,  showing  the  general  progress  of  the 
Lake  Survey,  and  of  the  Mississippi  River  survey. 

The  following  officers  have  continued  on  duty  on  the  Survey  of  the 
Northern  and  Northwestern  Lakes  and  Mississippi  River : 

Capt.  H.  M.  Adams,  till  December  31, 1878,  when  he  was  relieved. 

First  Lieut.  D.  W.  Lockwood,  during  the  year. 

First  Lieut.  C.  F.  Powell,  till  March  18, 1879,  when  he  was  relieved. 

First  Lieut.  P.  M.  Price,  during  the  year. 

Financial. 

Amount  available  July  1,  1878 $99,000  00 

Amount  expended  in  fiscal  year  ending  June  30,  1879 89,942  25 

Amount  available  for  lake  survey  July  1,  1879 85,000  00 

Amount  required  for  fiscal  year  ending  June  30,  1881,  for  lake  survey 44, 800  00 

For  Mississippi  River  survey 158,660  00 
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Estimate  of  funds  for  continuance  of  Surveys  of  Northern  and  Northwestern  Lakes  and  Mis- 
sis^ppi  Biver  for  ^fiscal  year  ending  June  30,  1881. 

For  the  redaction  of  the  field  work  of  the  lake  survey,  for  the  prepar- 
ation and  publication  of  the  final  report,  for  printing  charts  for  the  use 
of  navigators,  for  continaance  of  water-level  observations,  for  aid  to 
State  surveys,  and  miscellaneous $44,800  00 

For  continuing  the  survey  of  the  Mississippi  River  and  its  tributaries  with 
a  view  of  determining  the  proper  method  of  reclaiming  from  overflow 
the  alluvial  lands  of  the  Mississippi  delta,  and  improving  the  navigation 
of  the  river 158,660  00 

Details  as  follows : 

LAKE  SURVEY. 

Completion  of  reduction  of  field-work $16,400 

Preparation  and  publication  of  final  report 11,100 

Water-level  observations  and  reductions 2,500 

Printing  and  issuing  charts  for  use  of  navigators 3/300 

Office  rent,  clerk,  watchmen,  officers'  quarters,  and  fuel  and  miscellaneous 6, 500 

Aid  to  State  surveys 5,000 

44,800 

»  SURVEY  OF  MISSISSIPPI  RIVER. 

Six  topographical,  three  triangnlation  and  four  leveling  parties;  field- 
work $75,240 

Reduction  of  work 17,640 

Printing  maps , 8,400 

Clerk  hire,  office  rent,  watchmen,  instruments,  transportation,  and  miscel- 
laneous    17,180 

One  stem -wheel  steamer 12,000 

Six  large  quarter-lx^ats  and  outfit,  at  $4,200  each 25, 200 

Two  small  quarter- boats  and  outfit,  at  $1,500  each 3,000 

158,660 

Very  resi)ect£iilly,  your  obedient  servant, 

C.  B.  COMSTOCK, 

Major  of  Engineers^  Bvt  Brig.  OenH. 
The  Chtep  of  Engineers,  U.  S.  A. 


APPENDIX  No.  1. 
Telegraphic  Longitude. 

REPORT  ON  telegraphic    LONGITUDE    WORK    IN  CONNECTION  WITH   THE    LAKE   SUR- 
VEY OBSERVATORY,  1878,  BY  CAPTAIN  H.  M.  ADAMS,   CORPS  OF  ENGINEERS. 

The  longitudes  of  the  foUowing  points  have  been  determined  in  connection  with  the 
survey  of  the  Mississippi  River  by  Mai.  F.  U.  FarquHar : 

1.  Rock  Island,  111. 

2.  Red  Wing,  Minn. 

3.  Louisiana,  Mo. 

Observations  were  made  at  Detroit  by  Capt.  H.  M.  Adams  and  Assistant  Engineer 
A.  R.  Flint.  The  following  instruments  were  used :  Transit  instrument,  made  by  Buft' 
and  Berger,  having  a  focal  length  of  39  inches;  magnifying  power  of  telescope  with 
diagonal  eyepiece,  87,  aperture  3  inches ;  Clock  No.  256  and  Chronograph  No.  216,  made 
by  Bond  &  Sons ;  Lieut.  C.  F.  Powell  was  the  field  observer.  Signals  were  exchanged 
with  Detroit  on  two  nights  for  each  of  the  stations  occupied,  Rock  Island,  Red  Wing, 
and  Louisiana. 

The  method  of  exchanging  signals  was  by  automatic  clock  and  chronometer  beats, 
which  were  recorded  on  a  chronograph. 

A  complete  time  determination  was  made  by  each  obsen^er,  before  and  after  tele- 
graphic signals.  The  time  occupied  for  signals  was  generally  about  twenty-five  min- 
utes.   In  each  time  determination  two  stars  of  between  8(F  and  9(F  declination  were 
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observed  and  the  telescope  was  reversed  on  each  of  these  stars  so  as  to  obtain  seven 
observations  before  and  seven  after  reversal ;  ten  or  more  time  stars  were  observed  on 
fifteen  threads,  one-half  of  the  stars  with  telescope  direct,  and  the  other  half  with  the 
telescope  reversed. 

PROGRAMME  FOR  TIME  DETERMINATION. 

Level  readings. 

A  circumpolar  star,  seven  threads,  telescope  direct  and  reversed. 

Level  readings. 

Five  or  more  well  determined  time  stars. 

Level  readings. 

Reversal. 

Level  readings. 

Five  or  more  well  determined  time  stars. 

Level  reading^. 

A  circumpolar  star,  seven  threads,  telescope  direct  and  reversed. 

Level  readings. 

Level  readings  were  also  taken  between  the  time  stars  when  the  interval  of  time 
was  sufficient. 

Observations  were  made  for  relative  personal  equation  of  Captain  Adams  and  Lieu- 
tenant Powell,  on  four  nights  in  1H77,  and  on  two  nights  in  1878  after  the  completion 
of  fieldwork.  These  observgitions  were  made  in  exactly  the  same  manner  as  for  deter- 
mining longitude ;  Lieutenant  PowelPs  transit  instrument  being  mounted  on  a  stone 
pier  in  the  yafd  near  the  Lake  Survey  Observatory,  and  ©".OOS  west  of  the  Detroit 
transit  instrument  used  by  Captain  Adams.  The  mean  results  for  personal  equation 
for  season  of  1877  and  season  of  1878  only  differed  0:02  (see  Table  20).  The  mean  of 
the  six  results  was  adopted  and  applied  in  computing  the  longitudes  for  season  of  1878. 

• 

EXPLANATION  OF  TABLES. 

1,— Tables  1  to  16,  inclusive, 

• 
Computation  of  time  determination  by  method  of  high  and  low  stars.     "  D  "  indicates 
telescope  direct ;  "R"  indicates  telescope  reversed:  t=  the  observed  time  of  transit, 
the  mean  from  11  thread  for  time  stars,  and  mean  for  ail  threads,  reduced  to  middle 
thread  for  slow  stars. 
A  =  the  azimuth  factor. 
B  =  the  inclination  factor. 
C  =  the  collimatiou  factor. 

a  =  the  azimuth  of  transit  instrument  as  computed  from  high  and  low  stars. 
h  =  the  inclination  of  the  rotation  axis. 

0  =  the  collimation  constant  as  computed  from  reversals  on  slow  stars. 
^  i  =  constant  for  reduction  to  middle  thread  from  mean  of  11  threads. 
abr  =  the  correction  for  diurnal  aberration  =  0«.021  cos.  latitude. 

a  =  the  right  ascension. 
^  i  =  the  clock  correction  at  corrected  time  of  transit. 

r  =  the  interval  in  clock  hours,  for  which  the  rate  p  is  applied. 
p  =  the  rate  per  clock-hour  (-|-  when  losing,  —  when  gaining). 
^  /o  =  the  clock-correction  at  a  given  epoch  (-f-  when  slow,  —  when  fast). 

The  right  ascensions  were  determined  from  American  Ephemeris,  1878,  German  Cata- 
logue, 539  stars,  1878,  and  General  Bericht  Europaische  Gradmessuug,  1873. 

•II.— ra6te»17  to  20. 

Telegraphic  comparisons  of  clock  and  chronometer  for  determination  of  longitude 
and  for  relative  personal  equation  of  observers. 

Each  result  is  a  mean  from  15  ticks  as  registered  by  both  time-pieces  on  a  chrono- 
graph. 

The  chrono^aph  readings  for  a  single  result  from  15  ticks,  sent  from  Red  Wing  to 
Detroit,  are  g^ven  below : 
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KRD  WING. 

DETROIT. 

Chronometer  Nd.  1541. 

Clock  No.  25fe. 

h. 

m. 

8, 

m. 

s. 

1. 

0 

29 

01.00 

18 

07.38 

2. 

0 

29 

02.00 

18 

08.40 

3. 

0 

29 

03.00 

18 

09.40 

4. 

0 

29 

04.00 

18 

10.38 

5. 

0 

29 

05.00 

18 

11.40 

6. 

0 

29 

06.00 

18 

12.38 

7. 

0 

29 

07.00 

18 

13.38 

8. 

0 

29 

08.00 

la 

14.38 

9. 

0 

29 

09.00 

18 

15.38 

10. 

0 

29 

10.00 

18 

16.38 

11. 

0 

29 

11.00 

18 

17.38 

12. 

0 

29 

12.00 

18 

18.39 

13. 

0 

29 

13.00 

18 

19.38 

14. 

0 

29 

14.00 

18 

20.38 

15. 

0 

29 

15.00 

18 

21.38 

Means  0 

29 

08.000 

18  14.385 

UI.- 

-Table  21. 

Tabulated  results  for  latitude  and  longitude.    The  observations  for  latitude  were 
made  by  Lieut.  C.  F.  Powell. 
All  computations  have  been  made  in  duplicate  and  have  been  carefully  checked. 

H.  M.  Adams. 
Washington,  ifay  14,  1879. 
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Station. 


Kock  Island,  111 ... . 

Bed  Wing, Minn... 
LonkianA,  Mo 


Table  21. — Geographical  poaitions. 


Dtacription  of  reference  points. 


Astronomical  post-stono  20  by  17  inches,  and  18 

incites  above  ground,  on  United  States  arsenal 

grounds. 

Southeast  comer  of  enardhonse 

Gas-pii)6  A  2,  Rock  Island  Rapids,  improvement 

survey. 
Astronomical  post-stone  20  by  20  inches,  and  18 

inches  above  ground,  near  northwest  comer 

of  county  court-house  yard. 

Spire  of  Catholic  church 

Astronomical   post-stone  northwest   comer  of 

high-school  yard. 

Northeast  corner  of  high-school  building 

Southeast  comer  of  brick  residence,  northwest 

comer  of  Novles  and  Fourth  streets. 


Latitude. 


41    31    03.41 


30 


01.51 
03.69 


44    83    44.16 


44    33 

30    27 


44.64 
14.30 


12.64 
15.25 


Longitude  W 
from  Green- 
wich. 


00    33    40.10 


91 

00 


33    45.00 
33    40.30 


31    50.25 


02 
01 


40.66 
06.30 


03    08.18 
03    07.42 


APPENDIX  No.  2. 

Magxetic  Work. 

report  of  lieutenant  d.  w.  lockwood,  corps  of  bxgixeer8. 

Detroit,  Mich.,  Juljf  3, 1879. 

Sir  :  In  compliance  with  instrnctions  received  firom  yon,  I  have  the  honor  to  make 
the  following  report  on  the  instmment«  used  by  Lieut.  C.  F.  Powell,  Corps  of  Engi- 
neers, in  his  magnetic  work  of  1878,  and  to  describe  the  method  of  observing  followed 
by  him  as  shown  by  his  notes. 

The  stations  occupied  were  Rock  Island,  111.,  Red  Wing,  Minn.,  and  Louisiana,  Mo. 

At  Rock  Island  and  Red  Wing  the  observations  included  those  fur  declination,  dip, 
and  intensity,  while  at  Louisiana  observations  for  horizontal  intensity  were  not  taken, 
and  the  observations  for  declination  were  a  failure,  the  range  for  three  dajrs*  work 
being  more  than  1^,  and  no  two  days*  work  agreeing  within  the  required  limit  of  W; 
the  range  in  dip  was  also  much  in  excess  of  that  prescribed. 

The  instruments  used  were  the  Jones  combined  declinometer  and  magnetometer, 
and  Barrow  dip- circle  No.  26. 

The  former  when  used  as  a  declinometer  has  its  reading  telescope  mounted  on  a  oep- 
arate  stand  from  that  supporting  the  magnet  box.  A  small  theodolite  set  up  on  its 
tripod  about  18  inches  from  the  north  end  of  the  magnet  being  used  for  this  purpose. 
When  used  as  a  magnetometer  for  horizontal  intensity,  a  rea<liiig  telescope  is  fastened 
to  one  of  the  arms  projecting  from  the  base  supporting  the  magnet  box  and  turning 
with  it.    To  the  opposite  arm  a  counterpoise  weight  is  attached. 

The  declination  magnets  are  as  follows: 

1^,  Magnet  X,  a  hollow  steel  cylinder  4.03'"  long  by  t^.t  inch  external  diameter.  At 
the  south  end  is  a  glass  scale.  Value  of  1  div.  about  2'.  15.  At  the  north  end  an  achro- 
matic lens  adjusted  at  such  a  distance  from  the  scale  that  the  scale  is  most  distinctly 
visible  when  the  rea<ling  telescope  is  adjusted  to  stellar  focus.  The  value  of  1  div.  of 
scale  is  affected  by  a  change  in  the  position  of  the  lens. 

2^.  A  hollow  brass  cylinder  4*"  long  and  iV  inch  diameter,  with  a  weak  magnet 
inside  of  it,  its  axis  tinuly  fixed  parallel  with  the  axis  of  the  cylinder ;  it  is  also  fitted 
with  scale  and  lens. 

The  intensity  magnet  is  marked  D  5,  and  consists  of  a  hollow  steel  cylinder  3*«.75 
lonfj  and  -fa  inch  external  diameter.  It  is  fitted  at  one  end  with  an  a<ijustable  bal- 
ancmg  ring.  This  ring  is  easily  displace<l.  so  that  the  movement  of  inertia  of  this 
magnet  and  its  stirrup  should  be  determined  at  each  station,  and  great  care  taken  to 
avoid  displacing  the  ring  while  the  magnet  is  being  used.    This  magnet  has  no  scale. 

The  suspended  magnet  in  deflections  marked  at  north  end  ^,  is  3*°.0  long  and  -fjy  inch 

8 
external  diameter.     It  is  fastened  to  a  small  stirrup  with  a  mirror  below  the  magnet. 
The  scale  for  detennining  the  angle  of  deflection  is  (i'"  long,  and  attached  to  the 
reading  telescope  near  its  eye  end.    Value  of  1  div.  of  scale,  about  10'. 

In  using  this  instrument,  the  deflecting  or  intensity  magnet  is  fixed  in  the  magnetic 
prime  vertical. 

In  the  computation  *'P"  is  assumed  a  equal  to  zero;  "^"  the  temperature  co-effi- 
cient is  also  taken  as  zero. 
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The  raDge  of  temperature  in  deflection  experiments  and  vibrations  was  also  quite 
large,  but  the  vahies  of  *^  q  ^'  as  deducted  from  the  different  sets  had  contrary  signs. 

In  taking  dip  observations  the  needles  showed  that  a  preponderance  existed,  and 
on  account  of  the  extreme  range  the  north  end  not  always  being  below  the  horizontal. 
Mayer's  formula,  given  in  Schott's  notes  on  measurements  of  terrestrial  magnetism,  was 
osed  in  the  computation. 

The  note-book  shows  that  observations  to  determine  local  attraction  were  made 
only  at  Rock  Island.  The  true  meridian  in  every  case  was  determined  by  the  astro- 
nomical transit  or  zenith  telescope. 

The  values  of  the  declination,  given  in  the  table  appended  hereto  for  each  day,  are 
the  means  of  the  morning  or  eastern  elongation,  and  tne  afternoon  or  western  elonga- 
tion, the  mean  of  the  eastern  and  western  elongations  for  each  day  being  corrected 
for  daily  range. 

Very  respectfully,  your  obedient  servant, 

D.   W.  LOCKWOOD, 

First  Lieutenant  of  Engineers, 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers, 
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APPENDIX  No.  3. 

Survey  of  the  Mississippi  River. 

report  of  lieutknaxt  d.  w.  lockwood,  corps  of  exgixeers. 

Detboit,  Mich.,  June  14,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  work  done  on  the  survey  of 
the  Mississippi  River  during  the  winter  of  1878-^9, 

On  the  18th  of  October,  1878,  I  received  orders  from  yon  to  proceed  to  New  Albany, 
Ind.,  and  receive  such  property  as  might  be  »ent  from  Detroit  to  that  point  for  the 
ontfit  of  the  quarter  boats  that  had  been  built  there  during  the  summer,  to  purchase 
articles  needed  to  comiilete  their  outfit,  and  arrange  to  have  them  taken  to  Memphis, 
Tenn.,  as  soon  as  the  yellow  fever  should  cease. 

I  reached  New  Albany  October  23,  and  found  the  quarter  boats  ready  to  be  taken 
down  the  river  as  soon  as  the  necessary  arrangements  could  be  made.  The  property 
sent  from  Detroit  having  arrived,  the  articles  needed  to  complete  the  outht  of  the 
boatSj  in  connection  with  the  property  in  store  at  Memphis,  were  purchased,  and  in 
addition  one  month^s  supplies  for  all  the  parties. 

The  stem- wheel  steamer  Little  Eagle,  hired  for  the  season  of  McDonald  Brothers,  at 
Saint  Louis,  by  Captain  Adams,  reached  New  Albany  at  noon  November  15.  The 
boats,  four  in  number,  were  taken  in  tow,  and  she  proceeded  down  the  river  at  once, 
reashing  Memphis  on  the  morning  of  November  21. 

Lieutenant  Price,  Corps  of  Engineers,  had  already  reached  Memphis,  and  had  had 
the  old  quarter-boat  Arkansas  towed  up  from  Fort  Pickering  to  the  steamboat  landing. 
The  property  that  had  been  stored  with  Rose  &  Co.,  at  the  close  of  the  preceding^ 
season's  work,  was  put  on  board  the  proper  boats,  and  on  the  24th  the  steamer  startea 
down  the  river  with  the  fleet  in  tow.    The  parties  were  as  follows: 


Chief  of  partiea. 

Duty. 

Boat 

Lietit^naiit  Price 

Triangnlation 

Assistant  Engiiie«*r  Wisner 

Uo .• 

Do. 

Assistant  Engineer  L.  L.  Wheeler  ..... 

Precise  levels      ..          .            ....... 

Pioneer. 

Assistant  £n^neer  Ockerson   ........... 

XoDoo*aDliical  ...  .  ................... 

Tennessee. 

Assistant  Engineer  Darling 

..Tib..  .!^:::.::::.::::::::::;.::::. 

Mississippi. 
A  rkansas. 

Assistant  Engineer  Eisenmann 

do 

The  organization  on  the  Louisiana  comprised  two  complete  triangnlation  parties, 
that  of  Lieutenant  Price  and  that  of  Assistant  Engineer  Wisner :  as  both  these  parties 
remained  during  the  season  on  the  Louisiana,  Lieutenant  Price  had  immediate  charge 
of  both. 

The  instructions  required  the  sounding  to  be  done  at  a  low  stage  of  river,  and 
'  also  requireil  that  the  section  of  the  river  between  Austin  and  Delta  be  surveyed,  as 
follows,  for  the  Mississippi  Board  of  Engineers: 

The  shore  line  and  outline  of  bars  to  be  run,  a  line  of  levels  to  be  carried  down  one 
bank,  and  river  slope  determined,  in  aildition  to  sounding.  Assistant  Engineer  Ocker- 
son was  assigned  to  this  work. 

Assistant  Engineer  Darling  and  his  party,  on  the  Mississippi,  were  left  at  Scanlon's 
Landing  to  do  the  soundings,  run  the  shore  line  of  bars,  and  determine  the  low -water 
slope  between  that  point  and  Commerce  Landing. 

Lieutenant  Price  and  triangnlation  parties,  on  the  Louisiana,  were  left  at  Norfolk, 
to  carry  the  triangnlation  from  the  line  A  Fairview — a  State  line  south. 

Assistant  Engineer  Eisenmann  and  his  party,  on  tne  Arkansas,  were  left  at  Com- 
merce, to  do  the  sounding,  run  the  shore  line  of  bars,  and  determine  the  low-water  slope 
between  that  place  and  Austin. 

Assistant  Engineer  L.  L.  Wheeler  and  his  leveling  party,  on  the  Pioneer,  were  left 
at  Austin  Landing,  to  carry  the  precise  levels  from  this  point,  where  the  work  of  the 
previous  year  stopped,  to  the  south. 

Assistant  Engineer  Ockerson  and  his  party,  on  the  Tennessee,  were  left  near  O.  K. 
Landing,  to  survey  the  section  of  the  river  between  Austin  and  Delta,  as  mentioned 
above. 

Mr.  Ockerson  also  had  charge  of  sediment  work  during  the  season,  and  made  the 
soundiugs  in  relation  to  sand  wave  determinations. 

When  the  soundings,  &c.,  had  been  finished  the  instructions  required  that  the  topo- 
l^raphical  parties  should  commence  the  regular  work  of  the  survey  at  Scanlon's  Land- 
ing, where  the  work  of  the  previous  .\ear  stopped,  and  carry  it  down  the  river. 
Assistant  Engineer  Eisenmann,  having  completed  the  soundings,  &c.,  of  his  section 
to  the  foot  of  Bordeaux  Chute,  was,  Deceuiber  24,  taken  up  the  river.   JJ^ 
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Assistant  Enj^ineer  Darling  had  by  this  time  completeil  the  work  required  between, 
Scanlon's  Landing  and  Commerce,  and  was  taken  up  the  river  at  the  same  time;  his 
boat  was  left  at  the  government  light,  a  short  distance  below  Scanlon's  Lauding, 
while  Mr  Eisenmann's  boat  was  left  near  foot  of  Cat  Island  (No.  50), 

Assistant  Engineer  Ockerson,  having  finished  the  work  required  by  the  Board  of 
Engineers,  was,  on  January  24,  1879,  moved  up  the  river  to  a  point  on  the  Arkansas 
shore  2  miles  below  Bennett's  Landing. 

The  sections  required  for  observations  concerning  sand-waves  were  located  as  fol- 
lows: 

l^.  The  deep-water  section  near  Trotter's  Field  Landing,  2^  miles  above  Heleun. 

2*^.  The  shoal- water  section  just  below  the  town. 

Five  lines  100  meters  apart  were  fixed  for  each  section,  and  soundings  taken  on 
them  by  Mr.  Ockerson  and  party;  1°,  December  27  and  28,  1878;  2^,  Januar>'  21  and 
23,  1879. 

The  party  on  the  steamer  was  under  my  personal  supervision,  and  consisted  of 
Francis  Devroe,  foreman  and  acting  mate,  and  four  men.  When  the  steamer  wjm* 
not  engaged  in  moving  or  supplying  the  different  parties  or  occupied  with  section 
work,  this  party  was  used  in  making  borings.  The  steamer  was  laid  up  nearly  a 
week  in  Memphis  during  December,  having  her  shaft  repaired.  From  January  1  to 
16,  the  weather  was  so  cold  that  no  boring  could  be  done,  and  from  the  morning  of 
January  4th  to  the  I3th  the  boat  was  frozen  in  the  ice  above  Bordeaux  Chute. 

On  January  15  the  Mississippi  was  cut  down  and  sunk  by  the  ice.  Wlien  the  ex- 
treme cold  weather  set  in,  about  January  1,  the  river  was  fallin|;,  and  continued  to  do 
so  until  about  the  11th  or  I2th,  when  it  turned,  and  for  some  time  rose  at  the  rate  of 
about  2  feet  per  diem.  The  Mississippi  was  towe<l  up  to  the  landing,  and  left  on  a 
little  shelvv  bar  just  above  it.  The  high-water  prevented  anj'thing  more  being  done 
to  her  until  February  24,  when  the  river  had  gone  down,  so  as  to  leave  her  damaged 
side  exposed.  Carpenters  were  then  put  at  work  on  her,  but  before  the  work  could 
be  completed  the  river  rose  again,  and  the  hole  was  patched  temporarily.  On  March 
1  she  was  towed  up  to  Fort  Pickering  and  hauled  out  on  the  shore,  so  that  the  job  could 
be  completed.  At  present  her  hull  is  in  good  condition.  The  hole  cut  in  her  side  was. 
44  feet  long  and  8  inches  wide.  One  sitle  of  her  cabin  was  very  much  torn  up  by  the 
ice,  but  still  she  can  be  repaired,  so  as  to  be  of  further  use  when  required. 

The  cold  weather  already  spoken  of  interfered  considerably  with  work  of  all  kinds, 
while  the  high-water  which  followed  soon  after,  overflowing  the  low-lands  and  filling 
the  swamps  and  bayous,  almost  stopped  every  thing.  The  highest  water  during  the 
season  was  on  January  29,  when  the  Memphis*  gauge  read  28  feet  11  inches. 

During  the  fore  part  of  March  the  atmosphere  was  very  unfavorable  for  reading 
angles,  on  account  of  smoke  from  burning  over  old  cotton-fields,  and  as  Lieutenant 
Price  reported  that  but  little  or  no  progress  could  be  made  with  the  triangulatiou,  the 
Louisiana  was  taken  to  Memphis  March  6,  and  laid  up. 

The  Tennessee  was  taken  up  on  the  7th  and  the  Arkansas  on  the  10th.  Mr.  Dar- 
ling's party  had  been  moved  up  on  the  28th  of  February.  Assistant  Engineer  L.  L. 
Wheeler,  having  carried  the  precise  levels  as  far  as  Friar^s  Point,  was  taken  up  the  river 
to  Norfolk  Landing  February  7,  and  directed  to  report  with  his  party  to  Assistant 
Engineer  Darling  for  toj^ographical  duty.  His  party  was  discharged,  and  he  was  or- 
dered to  Detroit  a  few  days  before  Mr.  Darling  was  moved  to  town. 

On  January  29  I  had  the  honor,  in  complying  with  the  instructions  of  your  letter  of 
January  14,  to  submit  a  plan  for  organizing  ana  maintaining  aparty  to  be  left  at  or  near 
Helena  during  the  summer  to  continue  the  sediment  observations  and  cross-section 
work  ;  in  it  I  recommended  that  Mr.  J.  B.  Johnson  be  put  in  charge  of  the  party,  and 
that  Mr.  Childs  be  retained  as  recorder ;  also  that  the  party  be  quartered  on  the 
Pioneer. 

My  plan  having  been  approved  in  your  letter  of  February  8,  the  Pioneer  was  fur- 
nished, upon  Mr.  Johnson's  requisition,  with  the  necessary  outfit  from  the  other  boats, 
and  on  March  10  Mr.  Johnson  started  down  the  river  with  her. 

There  being  no  further  work  for  the  steamer,  she  was  sent  up  the  river  to  Saint  Louis 
on  the  11th  of  March.  On  the  same  date  I  left  Memphis  for  Detroit,  arriving  here  on 
the  14th. 

The  work  accomplished  during  the  season  may  be  summed  up  as  follows : 

Triangulaiion. — From  line  A  Fairview — ^^State  Line  to  2  nules  above  Helena,  a  dis- 
tance of  about  50  miles.  Assistant  Engineer  Wisner  measured  a  secondary  base  line  at 
Harbert's  Point,  one  mile  long,  and  made  the  necessary  comparisons  between  the  tubes 
nsed  in  the  measurement  and  the  standard  iron  15-feet  bar.  Lieutenant  Price  deter- 
mined the  azimuth  of  the  base  and  connected  it  with  the  triangulatiou.  ■■    m^ 

Precise  leveU, — From  Austin  to  Friar's  Point,  a  distance  of  27  miles,  work  was  done 
in  duplicate.  At  Helena  levels  were  carried  across  the  river,  and  the  gauge  at  that 
point  connected  with  the  Memphis  gauge.  Permanent  bench-marks  were  established 
when  necessary.  Some  of  the  work  was  done  in  quadruplicate,  but  is  counted  in  as 
only  done  in  duplicate. 
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Topography. — From  Scanlon's  Landiug  to  Mrs.  Baldwin's,  below  Commerce  cut-off, 
a  distance  along  the  main  channel  of  the  river,  according  to  Major  Suter's  map,  of  26 
miles.  The  snrvey  of  Council  IJend  shows  14  miles  more,  or  40  miles  in  all.  Tne  con- 
tour planes  were  taken  5  feet  apart  instead  of  3  feet,  as  was  the  case  la«t  year. 

Hydrography, — For  the  regular  survey  extended  from  Scanlon's  Landing  to  Walnut 
Bend  Landing,  foot  of  BoiSeaux  Chute,  a  distance  of  36  miles  down  the  main  chan- 
nel, or  with  Council  Bend,  making  50  miles  in  all. 

The  section  of  river  from  Aiwtin  to  Delta,  surveyed  by  Mr.  Ockerson,  covered  25 
miles.  The  work  consisted  in  nmning  the  shore-line  of  banks  and  bars,  sounding, 
determining  water-slope,  and  carrying  a  duplicate  line  of  levels  down  one  bank. 

H''ater-8lope. — This  was  determined  Sir  short  stretches  of  river,  and  was  done  at  the 
same  time  the  sounding  was  being  done. 

Sediment. — ^This  work  was  commenced  Novemlier  28,  and  continued  throughout  the 
season. 

Sand-wave  observatioM. — This  work,  as  already  stated,  was  done  by  Mr.  Ockerson's 
party,  and  consisted  in  sounding  the  10  lines,  5  in  each  section — ^Trotter's  and  Helena 
twice. 

Boring  were  made  as  follows :  Near  A  Watson's,  abreast  of  Horn  Lake  bar,  on  Ten- 
nessee side  of  the  river ;  on  sand  bar  in  Montezuma  Bend;  on  Mississippi  side  of  river 
at  Harbert's  Point ;  a  short  distance  south  of  saw-mill  below  Helena,  abreast  of  head 
of  towhead  in  Montezuma  Bend,  on  Arkansas  side  of  the  river. 

Very  respectfully,  your  obedient  servant,  D.  W.  LOCKWOOD, 

First  Lieutenant  of  Engineen, 

Maj.  C.  B.  COMSTOCK, 

Corps  of  Engineers. 


The  apparatus  used  during  the  past  season  was  the  ordinary  drive-well  described  in 
previous  reports.  The  apparatus  proper  worked  very  well.  Once  the  threads  in  the 
steel  driving-cap  were  stnpped  and  had  to  be  recnt.  The  old  pipe  that  had  been  in 
use  for  the  two  preceding  seasons  was  well  nigh  worthless,  the  iron  from  repeated 
driving  and  pounding  having  become  very  granular  in  its  structure,  so  that  the 
threads  on  the  ends  of  the  sections  frequently  stripped  or  broke  short  off  in  the  unions 
while  being  driven.  This  caused  a  good  deal  of  delay.  A  pipe  stock  and  die  were 
purchased  and  found  of  great  service.  In  cutting  threads  on  the  sections  great  care 
should  be  taken  in  centering  the  pipe  in  the  die  so  that  the  seotions  will  join  in  a 
straight  line. 

The  driving  point  and  socket  were  lost  at  Cairo,  in  the  early  winter  of  1877,  and  have 
never  been  replaced.  This  should  be  done  before  any  more  work  is  done  with  the  ap- 
paratus, as  in  driving  through  coarse  gravel  the  point  is  absolutely  necessary.  In  or- 
dinary soil  no  point  is  needed. 

The  following  tables  show  the  strata  passed  through  in  each  well  and  the  size  of  the 
particles  at  different  depths. 

BORINO  No.  1. — Close  to  water  and  204  meters  ahove  ^  Watson. 
[Reference  of  site,  198.8  feet;  of  bottom,  12t.8  feet] 


Depth. 


MatoriAl. 


Sise  of  partides. 


Bemarks. 


Ft€t,   \ 
10 


Sutd. 


10  percent.  le«ii  than  0.002  inch 

30  per  cent,  between  0.002  inch  and  0.01  inch  . . . 
60  per  cent,  between  0  01  inch  and  0.02  inch  .... 

26  I do 10  per  cent,  lees  thtin  0.005  inch 

25  per  cent,  between  0.005  inch  and  0.015  inch  .. 
65  per  cent,  between  0.015  Inch  and  0.03  inch  . . . 

26to27  '  Bhie  clay  stratum  about  1  foot  thick;  then  sand  again 

40  ,  Sand 25  percent^  leas  than  0.005  Uich i 

50  per  cent,  between  0.005  inch  and  0.015  inch ' 

25  per  cent,  between  0.015  inch  and  0.025  inch 

30  per  cent,  less  than  0.005  inch 

40  per  cent,  between  0.005  inch  and  0.01  inch  .... 

30  per  cent,  between  0.01  inch  and  0.025  inch  .... 

5  per  cent,  less  than  0.005  inch 


62    ....do. 


58   ....do. 


64 

70 


...do. 
...do. 


Same  as  at  snrfkce. 
Light  color;  siUoeona. 

Light  color;  ailioeons. 


Dark  color ;  slUoeona. 


45  per  cent,  between  0.005  Inch  and  0.015  inch  .  ..1 
50  per  cent,  between  0.015  Inch  and  0.025  inch  . . .; 

70  per  cent,  between  0.005  inch  and  0.01  inch i 

30  per  cent,  between  0.01  inch  and  0.015  inch , 

40  per  cent,  between  0.005  inch  and  0.015  inch  ... 

60  per  cent,  between  0.015  inch  and  0.11  inch 


Occasional  grains  O.OS 
inch. 


Sand  grows  coarser  aa 
hole  geta  deeper. 
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The  total  depth  of  the  well  was  76.5  feet.    At  72  feet  a  cottonwood  log  was  stmck, 
aud  the  head  of  the  pipe  had  ite  threads  stripped  hy  the  steel  driving-cap  at  76.5  feet.* 
Boring  made  November  29  and  30,  1878. 
Bottom  of  well  37  feet  below  bottom  of  river. 

BORIXQ  No.  2. — On  sand  bar  in  Montezuma  Bendy  located  on  Mr,  Ockerson^s  Field  Sheet  Xo.  12. 
[Beferenoe  of  site,  167.2  feet;  of  bottom,  104.2  feet.] 


Depth. 


12 


18 


20  to  22 
24 


Material. 


Sand. 


....do  . 


Size  of  particles. 


Bemarks. 


30 


3« 


42 


48 


54 


35  per  cent  less  than  0.005  inch Sand    from    aiiTfiMSe 

down  same. 

50  per  cent,  between  0.005  inch  and  0.01  inch ' 

15  per  cent,  between  0.01  inch  and  0.02  inch ' 

25  per  cent,  between  0.01  inch  and  0.02  Inch Same  to  20  feet 

55  per  cent,  between  0.005  inch  and  0.01  inch |  . 

20  per  cent,  less  than  0.005  inch j 

Blneclaty;  sand  similar  to  above  mixed  with  it | 

Sand 10  per  cent,  between  0.01  inch  and  0.02  inch i 

I  15  per  cent,  between  0.005  inch  and  0.01  inch 1 

I  75  per  cent,  less  than  0.005  inch ; 

— do I    5peF  OMit.  between  0.01  inch  uid  0.02  inch ; 

15  per  cent,  between  0.005  inch  and  0.01  inch  ... 

I  80  per  cent,  less  than  0.005  inch 

...do 70  per  cent,  between  0.01  inch  and  0.02  inch Oeoasioiia]  ffnitnsO.2 

inch  or  0  J  inch  di- 


15  per  cent,  between  0.005  inch  and  0.01  inch 

15  per  cent,  less  than  0.005  inch 

...do 30  per  cent,  greater  than  0.02  inch  up  to  0.05  inch' 

50  per  cent,  between  0.01  inch  and  0.02  inch 

20  per  cent,  less  than  0.01  inch , 

...do ,  10  per  cent,  between  0.02  inch  and 0.03  inch  .....| 

I  00  per  cent,  between  0.01  inch  and  0.02  inch  . . 

30  per  cent,  less  tlian  0.01  inch 

...do ,  25  per  cent,  between  0. Of  inch  and  0.02  Inch  .. 

,  50  per  cent,  between  0.005  inch  and  0.010  inch 

I  25  per.  cent,  less  than  0.006  inch 

...do I  Same  as  above 


ameter. 


T 


At  63  feet  the  pipe  stmck  a  cottonwood  log  and  had  to  be  withdrawn ;  a  piece  of 
the  log  12  inches  long  was  brought  np  cat  square  across  the  grain.  The  water  was 
MUng  so  fast  that  there  was  danger  of  the  boat  ^^nndiug,  and  in  addition  the 
weather  turned  very  cold,  so  that  boring  in  this  locality  was  abandoned. 

Work  done  December  30  and  31,  1878. 

Boring  extended  to  within  11  feet  of  river  bottom  abreast  of  the  boring  site. 

Boring  No.  3,— At  Harberfa  Pointy  200  meters  above  ^  Shoo  Fly, 
[Reference  of  site,  194.2  feet;  of  bottom  of  well,  04.2.] 


Depth. 

HateriaL 

Size  of  particles. 

FeeL 
Oto    6 

Mold 

SQt  and  surface  deposit 

6  to  12 

Brown  clay  and  silt . 
Blue  clay 

12  to  18 

18  to  24 

Brown  sand 

20  per  cenL  between  0.01  inch  and  0.015  inch 

25  per  cent,  between  0.005  inch  and  0.01  inch 

55  ner  c«ut.  less  than  0.005  inch      

do 

Gray  sand 

24  to  30 

40  per  cent,  between  0.01  inch  and  0.02  inch 

30  per  cent,  lietween  0.005  inch  and  0.01  inch 

30  ner  cent,  less  ttian  0.005  inch     

36 

50  p«r  r^nt.  l>«*twpi«'ii  OrOl  Inrh  and  o,02  inch  -  r  -  - 

do 

50  per  cent,  less  than  0.01  inch 

42 

40  per  cent,  between  0.01  inch  and  0.015  inch 

flO  i>er  cent,  lew  <h^n  o,01  inch ,  r  -  - 

Mixed  with  silt. 

do 

48 

Same  as  above 

64 

do 

10  per  cent,  between  0.01  inch  and  0.015  inch 

Very  little  ailt. 

Sand 

45  per  cent,  between  0.005  inch  and  0.01  inch 

45  per  cent,  leas  than  0.005  inch 

00 

5  per  fentt  between  0.01  inch  and  0.015  inch  ....  ... 

do 

45per  cent,  between  0.005  inch  and  0.01  inch 

50  per  cent,  less  than  0.005  inch 

100 

50  per  cent,  between  0.01  inch  and  0.02  inch  ......... 

30  per  cent  between  0.005  inch  and  0.01  inch 

20  per  cent,  less  than  0.005  inch 
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From  60  feet  down  to  100  fe€t  the  material  brought  up  was  pure  sand,  quite  regular 
in  ftize. 

The  above-described  well  was  commenced  January  30,  but  the  upper  end  of  the  pipe 
broke  off  after  the  pipe  was  down  It)  feet.  Dnriuff  the  3l8t  the  upper  threads  were 
stripped  several  times,  and  on  February  1  the  steel  (&iviug-cap  was  taken  to  Memphii^ 
to  be  upset  and  have  a  new  thread  cut  in  it.  Boring  was  resumed  on  February  4,  and 
complete4l  on  the  7th. 

Boring  extended  9  feet  below  river  bottom. 

Boring  No.  i.^Foriyfeet  above  ^  40  (Ockerson). 
f  Beference  of  site,  190.3  feet ;  reference  of  bottom  of  well,  105.3  feet.]  * 


Depth. 

MateriaL 

Sir«  of  particles. 

Bemarks. 

Feet 
0  to6  .. 

Surface    soil    and  mnd; 

drab  color. 
Blae  clay;  free  from  sand. 
do 

6  to  16  . 

! 

16  .. 

........................_._................ j 

At  24.. 

J    ...--- - 

do ' 

At30  .. 

do 1         ..                  .  .                      1 

At  36.. 

do 1 

At  42.. 

do 

At  48.. 

do 

1 

At54.. 

do 

Some  sand ;  none  greater  than  0.005  inch i 

10  per  cent,  lar^r  than  0.01  inch 

70  per  cent,  between  0.005  inch  and  0.01  inch  ..| 
20  percent  loss  than  0.005  inch ' 

At  80.. 

Sand  and  blue  clay 

Rock 

At  85.. 

Be^rock..^ 

The  progress  of  the  pipe  was  stopped  at  85  feet.  Upon  drawing  it  up,  the  bottom 
section  for  a  length  of  2  feet  was  found  to  be  split  and  the  bottom  very  much  battered. 
The  lower  part  of  the  pipe  was  filled  with  clay,  decomposed  rock,  and  fragments  of 
tbe  rock  itself,  containing  fossil  shells. 

Rock,  arenacions-greenish  color,  especially  when  wet. 

This  work  was  done  February  11  and  12,  1879. 

The  bottom  of  the  well  was  23  feet  below  the  river  bottojoi. 

Boring  No.  5. — Abreast  of  head  of  Montezuma  Towheadf  on  Arkansas  side  of  river, 
[Reference  of  site,  182.0  feet;  reference  of  bottom  of  well,  87.0  feel] 


Depth. 

Material. 

Size  of  particles. 

Bemarks. 

Feet 
0to6  .. 

Brown  day 

No  sand 

Reference  of  ze- 

At 12.. 

....do 

Some  sand •  5  per  cent,  over  0.005  inch 

ro  of  gange  at 
Helena,  148.9 
feet.   Distance 

At  18 .. 

...  do 

Some  sand  *  none  over  0  005  inch 

At  24.. 

Sand 

50  per  cent,  between  0.005  inch  and  0.01  inch 

50  per  cent,  less  than  0.005  inr h    

....do 

from  gauge  to 
boring  sito,  6 
miles.      River' 

At30  .. 

70  per  cent  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch 

....do 

At  36.. 

Same  as  at  30  feet      

slope,  0.40  feet 
permUe.  Read- 
ing of  Helena 

At  42.. 

..do 

30  per  cent,  larger  than  0.01  inch 

And  some  clay 

Same 

40  per  cent,  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch 

At  48.. 

40  per  cent  between  0.01  inch  and  0.02  inch    

30  per  cent  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch      ......... ...... .... 

Same 

tance  from 
plane  of  boring 
site    to   water 

At  95.. 

60  per  cent,  between  0.02  and  0.05  inch 

20  per  cent  between  0.01  and  0.02  inch    

surface,     Feb. 

20  per  cent.  less  than  0.01  inch    

20,  7  feet 

This  boring  was  made  February  19  and  20.  The  pipe  parted  while  being  drawn  up, 
42  feet  remaining  in  the  ground.  In  hauling  up  the  pipe  the  jack-screws  were  gener- 
ally used  to  get  lip  <me  length,  then  the  clamp  was  fastened  on,  and  pry-poles  used. 
The  boring  extended  61  feet  lower  than  the  river  bottom  in  the  chute ;  23  feet  lower 
than  the  main  river  bottom  abreast  of  the  site.  The  river  bottom  at  Delta  was  7  feet 
lower  than  bottom  of  well. 


SEDIMENT. 


O  )servations  to  determine  the  amount  of  sediment  in  water  at  surface  and  at  one  foot 
from  the  bottom  of  the  river  were  commenced  November  28,  and  coutiilued  throughout 
the  season.    As  stated  before,  Mr.  Ockerson  had  charge  of  this  work. 
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The  instmctions  under  which  the  work  was  done  were  as  follows: 

*^  To  get  avei*age  vahies :  Surface  samples  will,  when  practicable,  be  taken  at  about 
^  and  f  the  width  of  the  river.  These  will  be  mixed,  and  the  samples  to  be  kept  will 
be  taken  from  their  mixture.  The  same  for  bottonl  water.  Surface  and  bottom 
'waters  are,  of  course,  always  to  be  kept  separate,  but  are  to  undergo  the  same  treat- 
ment.   ♦    *    » 

**  On  shore ;  having  thoroughly  stirred  up  the  surface  water  so  that  the  coarse  grains 
are  held  in  suspension,  take  a  known  volume  of  it,  a  little  less  than  one-fifth  the  vol- 
ume of  the  holder,  and  put  it  into  a  large  fruit^jar  or  other  convenient  holder.  *  •  • 
Five  days'  samples  of  equal  values  (one  sample  being  taken  on  each  day)  shonld 
nearly  till  one  jar,  which  will  then  be  set  aside  to  settle  till  its  water  is  nearly  or  quito 
4slear.     »     •     * 

"  The  water  in  a  jar  having  become  nearly  or  quite  clear,  the  clear  water  is 
siphoned  off,  and  what  remains  in  the  jar  is  poured  on  a  filter-paper,  using  two  if  one 
tears,  the  jar  rinsed  with  a  little  clear  water,  and  the  rinsings  poured  on  the  filter- 
paper.  The  filtrate  and  filter-paper  are  allowed  to  dry  thorou^ly  in  company  with 
a  clean  filter-paper  of  the  same  size  (weight  f )  and  quality.  Then  the  filtrate  with 
its  paper  is  weighed,  and  also  the  clean  niter-paper.  The  latter  weight  subtracted 
from  the  former  gives  the  weight  of  the  sediment." 

Trouble  was  found  in  getting  a  bucket  that  would  work  well  in  getting  bottom 
water.  The  results  obtained  for  sediment  at  the  bottom  of  the  river  indicate  that  in 
many  cases  sand  and  mud,  stirred  up  by  the  bucket  striking  the  bottom,  were  brought 
up,  thus  rendering  those  results  worthless.  The  observations  were  made  from  Austin 
to  Delta  and  in  the  vicinity  of  Bennett's  Landing  and  Commerce.  The  measur^ 
•quantity  taken  each  day  was  100  grammes,  so  that  in  the  table  foUowinj^  the  column 
marked  '^sediment"  shows  the  amount  of  sediment  in  500  grammes  ofwater.  The 
bottom  sediment  is  not  given. 


SEDIMENT  OBSERVATIONS. 

IfOTK. — ^In  the  following  notes  the  omiAsions  marked  thna  ( X )  were  made  because  qo  oonfldenoe  is  placed 
in  the  results,  as  the  apparatus  used  for  obtaining  bottom  specimens  did  not  work  satisCsctonly. 


Dates. 


^ 


1  DeclStol?,  incl....  Surfisoe 
I  Bottom 

2  .  Deo.  18  to 22,  incl....' Surface 
■  I  Bottom 

Z  '.  Deo.  28  to  27,  incl I  Surface 

,  I  Bottom . . 

4  I  Dec  28  to  Jan.  1,  incl.  Surface 
j  Bottom 

5  Jan.  2  to  6,  incl Surface 

Bottom 


6  Jan.  7  to  11,  incl Surface. 

Bottom . 

7  Jan.  12  to  16,  incl Surface. 

I  Bottom. 


S    Jan.  17  to  21,  incl.. 

0  Jan.  22  to  26,  incl.. 
10  Jan.  27  to  31,  incl . . 
U     Feb.  1  to  5,  incl.... 

12  I  Feb. 6  to  10,  incl... 

13  ,  Feb.  11  to  15.  incl . . 

! 

14  Feb.  16  to  20,  incl . . 

i 


..  Sorfaco. 
.  Bottom . 

..  Surface. 

,  Bottom . 

..  Surfa<fB. 

Bottom. 

..,  Surface. 

I  Bottom. 

..,  SurfiMjr. 

Bottom . 

. .  Surface . 

{  Bottom . 

..  Surface. 
,  Bottom . 


500,000 
500,000 
500,000 
500,000 
500,000 
500,000 
500,000 
600,000 
600,000 
500,000 


500.000 
500,000 
500,000 


500,000 


500,000 
* 566*666 
566,666 

'566,'66o 


g^  ,  Per  cent,  of  I 


J         IE      diameter. 


Kemarks. 


28a8  ' 

303.8 

260.8 

305.0 

218.8 

238.1 

174.2 

202.5 

198.2 


Wr»  •  80  1  20 
n^  1  «0  ;  30  I  10 
„«„  '  40  1  50     •" 


n^  25 
tA.  ;  80 
Wvr\  40 
TWi«  100 
Wn     60 


^  I  55  ;  30     15    Pieces  of  glass  found. 


On  last  two  dates  the  sped- 
mens  were  taken  from  only 
I  one  side  of  the  river.  Run- 
I  ning  ice  prevented  cross* 
*    ing. 

192.6     ,A»     60  '40,.-.. 
240. 5     ,oV»     40     40     20    See  No.  5. 

213. 2  ,^     85     15    ... .  Specimens  of  12th,  13th,  and 
(X)    , ..-.1    i5th  were  taken  only  on 

]  II  one  side  of  river.    Ice  (see 

I        I    note  at  5). 
481.5     1^,   100  |.........  First    bottom    filter-paper 

(X)     — I broke  and  sediment  not  aU 

.               I  washed  oflt 

394.0     j^n     90     10  I....1 
(X)     

332.5  ^g«o^    100 

(X)      ' 

223.3  ,^     95       5    .... 

(X)      

232.0     „V»    100    

(X)      

515.3    , Bv  mistake  the  snrfiEU^e  spec- 

360.6    1 I imensof  14th and  15th  were 

put  in  bottom  iar. 

205.7  ,^sx   100    . 

(X)   ; ...i 
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Sediment  ob9enfations — Continued. 


1 

Dates. 

1 
Depth. 

1 
1 

1 

1 

It 

25 

Per  cent,  of 

partiolee  by 

diameter. 

Remarks. 

o 

it 
Is 

MO 

1' 
5i 

15 

Feb.21to25,incl.... 

Feb.25toMar.l«i]iol. 
Mar.2to8,i]iol 

1 

Sarfiuse.. 
Bottom.. 

Snrfiioe.. 
Bottom.. 
Sarfoce.. 
Bottom.. 

MUUg't. 
600,000 

108.4 

Wn 

Thrown  out  *  some  accident: 

sand  too  large.    The  top  of 
bottom  Jar  was  broken  and 
class  got  in  and  ooold  not 
be  separated. 
20  per  cent    >  0.01  inch. 

16 

500.000 

136.0 
(X) 
169.1 

SO 
40 

30 
'26 

20 

17 

659,500 
668,500 

20 

20  per  cent.    >0.01inch. 

RIVSR  SLOPE. 

The  slope  of  the  water  surface  was  determined  for  short  sections  of  the  river  from 
Scanlon's  Landing  to  Delta,  with  the  exception  of  a  short  stretch  between  Walnut 
Bend  Landing  and  Austin ,  or  more  properly  O.  K.  Landing.  The  method  adopted  w«s 
to  set  out  gauges  from  two  to  six  miles  apart,  the  zeros  of  which  were  carefully  con- 
nected by  a  line  of  levels,  and  take  simultaneous  readings  on  them  for  five  hours.  The 
difference  in  height  of  the  water  surfaces  at  the  two  gauges  divided  by  the  distance 
between  them  in  miles  gives  the  slope  or  fall  per  mile. 

In  cases  where  it  was  necessary  to  get  the  gauge-readings  before  the  levels  were 
run  in  order  to  obtain  the  slope  corresponding  to  a  certain  stage  of  water,  the  gnages 
were  established  in  the  usual  way,  and  their  zeros  referred  to  bench-marks  on  the 
bank  in  some  secure  place,  these  bench-marks  being  connected  with  the  levels  after- 
ward. 


1 

t 

i 

Is 

li 

s+l 

0  aj 

LooaUty. 

1 

U1 
1^^ 

Remarks. 

2IUm. 

187a 

FmL 

Feet 

Scanlon*s  Landing  to 

6.9 

Jan.      2 

9.8 

-0.035 

0.34 

Gange.— Scanlon's,   in     stm     water, 

Norfolk  Landing. 

straight  river. 

Scanlon's   Landing  to 

6.6 

Jan.     26 

28.3 

-f  0.017 

0.42 

Gauge.-.Norfolk,  in  current,  straight 

Norfolk  Landing. 

187& 
Deo.      6 

river.    Two  gauges  near  Norfolk. 

NorfolkLandingtoStar 

4.4 

17.2 

4-0.127 

0.35 

Gauge.— Star    Landing,    in   current. 

Landing. 

1879 

straight  river. 

Norfolk  Landing  to  Star 

4.8 

Jan.     28 

28.9 

-fO.014 

0.36 

187& 

Star  Landing  to  Ben- 
nett's Landing. 

6.3 

Dec    10 

20.7 

-0.006 

0.26 

Gauge.— Bennett's   Landing,  in  cur- 

rent, convex  bend. 

Bennett's  Landing  to 

6.2 

Dec    12 

20.3 

-0. 010 

0.44 

Gauge. — Commerce  Landing,  in  cur- 

1878. 
Nov.    30 

rent,  convex  bend. 

Commerce    Landing 

2.5 

4.8 

0.415 

Gauge  No.  2,  at  foot  of  Clarke's  tow- 

down  t^  No.  2. 

head,  in  main  current. 

No.  3  to  No.  4 

9.6 

Dec    13 

20.4 

0.729 

Gauge  No.  3,  in  cn^nt  in  convex 
bend :  No.  4,  same,  alMhoon's  Land- 

ing. 

N0.4  toNo.5 

3.3 

Dec.    17 

21.1 

0.426 

Gauge  No.  5,  in  current  at  head  of  Bor- 
deaux Chuto. 

Gauge  No.  6,  in  current  at  foot  of  Bor- 
deaux Chute 

No.5toNo.6 

3.05 

Dec    21 

21.0 

L090 

1879. 

A  Star  Landing  to  "0" 

7.42 

Jan.     29 

28.9 

0.380 

Both  gauges  in  current  in  straight 
river,  **0"  1  2,100  metres  below  A 

Gauge  No.  1. 

Cottonwood. 

Commerce  Landing 

3.11 

Jan.     29 

2a9 

0.724 

No.  10,  at  foot  of  bar,  Clark's. 

(No.  1)  to  No.  10. 
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lH)cality, 

Date. 

f 

i 

Komadcs. 

Between  (Gaaee  1)  0. 
K-LandhttfUidHar. 
bert'8Poiiit(Gau£e2). 

Between  Harbert'e 
Popit  as4  SaintFran- 
cia  Island  (Gauge  4). 

Between  Saint  FrBncis 
Island  and  Helena 
Islaud  (Gaage  6). 

Between  Helena  Island 
and  point  abore  Glen- 
dale  (Gauge  8). 

Between  point  abore 
Glendale  and  bar  be- 
low (Gauge  10). 

Between  bar  below 

Pass  (Gauge  11). 
Betwei^n  Grant's  Pass 
and  Delta  (Gauge  13). 

2.17 

&22 

4.85 
2.71 
2.92 

4.60 
8.U 

... 

1878. 
Nov.    29 

1879. 
Feb.    19 

1878. 
Deo.    11 

Deo.    18 

Deo.    23 

1879. 
Jan.      8 

Jan.      4 

FmL 

4.8 

20.2 

20.7 
20.9 
20.^ 

9.2 

8.7 

Feet. 
0.31 

0.475 

0.243 
a  810 
0.208 

0.870 
0.357 

Gauge  No.  l.-^nst  abo^e  wherecuTrent  strikea 
the  bank  above  0.  K.    Gauge  No.  2.-* A  short 
distance  below  whiwe  main  channel  learea 
left  bank. 

Gauge  No.  4.— Behind  a  sand  point,  out  of  the 
currant,  and  opposite  BUn%  £^ancia  Bead. 

Gauge  No.  6.— A  little  tibore  where  current 

Gauge  No.  8.— A  short  distance  be)ow  whei:» 
current  leaves  left  bank. 

Gauge  No.  la— Oat  of  cuixent. 

Gauge  No.  11.— A  short  distance  above  where^ 
mSbk  cunent  strikes-thebank  in  MonteBuma 
Bend. 

Gauge  No.  IS.—- A  short  distanoe  below  where 
current  leaves  the  left  bank. 

APPENDIX  No.  4. 

Reports  of  Chiefs  of  Parties. 

1.— report  of  lieutenant  p.  m.  price,  corps  of  engineers. 

Detroit,  Mich.,  May  1,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  duties  upon  which  I 
have  been  engaged  since  June  30,  1878 : 

During  the  month  of  July  I  was  in  the  office.  On  July  30  I  was  directed  to  proceed 
on  August  2  to  Sandusky,  Ohio,  to  read  the  angles  at  the  ends,  at  the  two  angular 
points,  and  at  the  auxiliary  station  of  the  Cedar  roint  base  line  which  was  then  being 
measured.  I  used  the  Pistor  and  Martin  14-inch  theodolite,  and  obtained  twenty -four 
combined  results  in  each  angle.  I  also  read  to  the  steeple  of  the  Methodist  Church 
from  the  east  and  west  base  stations,  and  connected  the  steeple  with  the  longitude 
post  of  1868  by  azimuths  and  distances. 

The  above  work  was  completed,  and  I  returned  to  Detroit  on  October  26. 

On  November  1,  I  was  directed  to  proceed  to  Memphis,  Tenn.,  reporting  en  route  to 
Lieutenant  Lockwood,  at  Louisville,  Ky.,  for  instructions  in  regard  to  the  beginning 
of  the  survey  at  Memphis.  I  was  also  to  remain  at  Louisville  to  assist  Lieutenant 
Lockwood  in  preparing  the  quarter-boats  until  the  yellow  fever  had  abated  sufficiently 
at  Memphis  to  render  it  safe  to  go  there.  I  reached  Memphis  on  November  16,  and 
between  that  time  and  the  20th,  when  Lieutenant  Lockwood  arrived  with  the  new 
boats,  I  had  the  Arkansas  disinfect-ed  and  cleaned. 

During  the  field  season  I  had  charge  of  the  survey-boat  Louisiana,  the  parties  on 
which  consisting,  besides  myself,  of  Assistant  Engineer  G.  Y.  Wisner,  Recorders  G.  W. 
Carman  and  C.  M.  Lightner,  and  a  crew  of  14  men,  were  directed  to  do  the  secondary 
triangulation. 

The  angles  were  read  by  Mr.  Wisner  and  myself,  my  instrument  being  the  I2-iuch 
Troughton  and  Simms  theodolite. 

The  Louisiana  was  towed  down  to  Norfolk  Landing  on  the  24th  of  November. 

The  triangulation  was  commenced  at  the  line  Fairview — State-Liue — the  closing 
line  of  the  preceding  season's  triangulation,  by  the  occupation  of  those  two  stations. 

Much  time  and  labor  were  saved  by  the  use  of  portable  stations,  five  of  which  I  had 
made  by  the  crew  at  the  commencement  of  the  season.  The  tripods — three  of  which 
were  12  feet,  and  two  6  feet,  in  height — were  made  of  4  by  4  mch  stuff,  braced  by  2  by 
4  inch  scantling,  and  the  parts  were  fastened  together  by  i-inch  bolts,  6^  and  7  inches 
long,  so  that  they  could  be  readily  taken  apart  and  put  together  again.  It  was  found, 
however,  that  it  was  unnecessary  to  take  the  tripods  apart  in  transporting  them.  One 
could  be  readily  carried  in  the  six-oaretl  cutter  by  placing  it  across  the  bow.    The 
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comer  posts  of  AIm  platforms  were  3  by  3  inch  scantling,  and  the  braces,  2  by  4  inch 
iiflnartiwKt  and  were  put  together  by  bolts  in  the  same  manner  as  the  tripods.  The 
platform  had  to  be  completely  taken  apart  in  moving  the  station. 

The  triangulation  was  continued  without  interruption,  other  than  that  caused  by 
occasional  bad  weather,  until  Walnut  Bend  was  reached,  on  the  2d  of  January.  Dur- 
ing the  night  of  the  2d,  ice  commenced  running  in  the  river  and  continued  until  the 
18th  of  January,  and  during  this  time  triangulation  was  completely  suspended,  as  it 
was  impossible  to  cross  the  river  to  put  up  targets  or  stations.  Work  was  resumed  on 
the  18th,  but  was  again  interrupted  on  the  24tlh,  by  which  time  the  river  had  risen  to 
such  a  height  as  to  overflow  its  banks  in  many  places  and  prevent  the  location  of  sta- 
tions and  cutting  of  lines.  We  were  not  able  to  proceed  with  the  triangulation  until 
February  3.  On  the  8th  it  had  been  completed  to  the  mouth  of  the  Saint  Francis 
River,  and  on  the  10th  the  Louisiana  was  towed  back  to  Harbert's  Point,  orders  hav- 
ing been  received  that  a  base  line  should  be  measured  by  Mr.  Wisner  and  that  I  should 
read  the  angles  to  connect  the  base  line  with  the  triangulation.  I  also  determined  the 
azimuth  of  the  base  line  by  three  nights'  observations  on  Polaris,  and  two  on  6  Ursse 
Minoris,  at  their  elongations. 

The  operations  at  the  base  line  were  completed  and  the  triangulation  taken  up 
again  on  the  1st  of  March,  and  the  last  stations  were  occupied  on  the  4th  of  March. 
The  triangulation  closed  on  the  line  ^  Helena  Island — at  the  head  of  Helena  Island — 
and  A  Adams  on  the  Arkansas  shore  about  2^  miles  above  Helena.  It  Is  believed  that 
both  these  btations  will  remain  for  several  years. 

During  the  season  I  occupied  32  stations  and  read  126  angles,  obtaining  8  combined 
results  on  each  angle. 

Recorder  C.  M.  Lightner  rendered  efficient  service  during  the  season. 

The  Louisiana  was  towed  up  to  Memphis  on  March  6,  and  on  the  following  day  the 
property  was  stored  in  the  warehouse  and  the  crew  discharged.    I  returned  to  Detroit 
on  the  16th  of  March,  and  since  that  time  have  been  engaged  in  tabulating  the  results 
of  the  winter's  work  and  in  collecting  material  for  a  history  of  the  Lake  Survey. 
Very  respectfully,  your  obedient  servant, 

Pmup  M.  Price, 
First  LieuUnant  of  Engineen, 

Maj.  C.  B.  CoMSTocK, 

Corps  of  Engineers, 

2.— report  op  mr.  o.  y.  wisner,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  Mich.,  April  30,  1879. 

Sir  :  I  have  the  honor  to  snbmit  the  following  report  of  work  done  by  the  party 
under  my  charge  since  September  4,  1878. 

In  accordance  with  your  instructions  of  September  4, 1878,  the  party  was  organized, 
with  J.  C.  Eaton  as  recorder  and  T.  C.  Hockridge  as  observer's  attendant,  and  pro- 
ceeded at  once  to  Sturgis,  Mich.,  to  continue  the  measurement  of  angles  of  the  primary 
triangulation  between  Lake  Erie  and  Lake  Michigan. 

The  party  remained  in  the  field  until  November  8,  and  then  returned  to  Detroit  for 
the  season. 

On  November  18, 1  a^gain  left  Detax)it  for  field-work  and  reported  to  Lieut.  D.  W. 
Lockwood,  at  Memphis,  Tenn.,  for  duty  on  board  the  United  States  survey-boat 
Louisiana,  and  until  March  7,  1879,  was  occupied,  in  connection  with  Lieut.  P.  M. 
Price,  in  reconnoitering  and  measuring  angles  for  the  triangulation  of  the  Mississippi 
River,  and  in  measuring  a  base  line  at  Harbert's  Point,  Miss. 

On  March  10,  I  returned  to  this  office,  and  since  then  have  been  occupied  with  the 
reduction  and  compilation  of  my  past  season's  fieldnotes,  reduction  of  the  water-level 
records  for  the  lakes,  and  duplicate  computation  of  a  portion  of  the  levels  of  precision 
for  the  Mississippi  River. 

The  following  table  gives  a  summary  of  field  work : 

Triangulation  between  Lake  Erie  and  Lake  Michigan  : 

Number  of  stations  occupied 7 

Number  of  primary  angles  measured 32 

Number  of  vertical  angles  measured 27 

Mississippi  River  triangulations : 

Number  of  stations  located 63 

Number  of  stations  occupied 31 

Number  of  angles  measured 118 

Number  of  base  lines  measured 1 

Very  respectfully  submitted.  Geo.  Y.  Wisner, 

Assistant  Engineer, 
Maj.  C.  B.  CoMSTOCK, 
•       Corps  of  Engineers,  U.  S.  A. 
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3. — RT5PO«T  OF  MR.   R.   8.   WOODWARD,  ASSISTANT  EXGIXEER. 

Office  VmrasB  teAxss  J,akv  Survey, 

April  30,  1879. 

Sir  :  In  compliance  with  your  onlers  of  April,  1879, 1  have  the  honor  to  submit  the 
following  report  of  field  and  office  work  done  by  me  between  July  3,  1878,  and  May  1, 
1879. 

'  On  July  3,  1878,  I  left  Detroit  with  instructions  to  remeasure  the  primary  angles  at 
8tation»  Oswego,  Stony  Point,  south  base,  and  Gasport,  locate  a  shoal  in  the  Saint 
Lawrence  River  near  Dickin-iou's  Landing,  and  inspect  the  water-gauge  stations  at 
Sacket's  Harbor,  N.  Y.,  Charlotte,  N.  Y.,  Erie,  Pa.,  and  Cleveland,  Ohio. 

The  work  was  completed  November  25,  on  which  date  I  returned  to  Detroit. 

In  the  triangulation,  one  new  line,  viz,  Oswego,  south  base,  was  observed  over  in 
both  directions,  and  several  new  sum-angles  were "  measured.  The  work  at  Oswego 
was  delayed  and  rendered  tedious  and  unsatisfactory  by  haze,  high  wind,  and  lack  of 
refraction  on  the  lines  to  Vanderlip  and  Duck  stations.  It  is  probable,  however,  that 
the  ten  new  sum-angles  observed,  together  with  the  measurements  of  1875,  will  give 
a  good  determination  of  the  angles. 

At  Stony  Point  and  Gosport  stations  considerable  delay  was  caused  by  gales. 

Between  November  25,  1878,  and  May  1,  1879,  I  have  been  engaged  chiefly  on  the 
following  office  work : 

1.  Tabulation  of  angles  read  by  me  in  1878,  with  computation  and  application  of 
corrections  for  positions  of  instrument  and  signals. 

2.  Tabulation  of  primary  angles  read  by  Assistant  Engineer  G.  Y.  Wisner  in  1S78, 
with  computation  and  application  of  corrections  for  positions  of  instrument  and  sig- 
nals. 

3.  Computation  of  adjustment  of  quadrilateral  about  Minnesota  Point  base-line. 

4.  Reduction  of  eight  nights'  time  observations  made  by  Capt.  H.  M.  Adams,  and 
two  nights'  time  obser\'ations  made  by  Lieut.  C.  F.  Powell,  in  1878. 

During  the  past  winter,  also,  the  results  of  observations  which  have  been  made 
since  the  spring  of  1876,  for  determining  the  constants  of  the  Troughton  and  Simms 
theodolite  No.  3,  have  been  collected,  and  are  given  in  MS.  Report  No.  1009. 

The  constants  determined  are: 

1.  Value  of  space  on  horizontal  limb  between  graduation  marks  359°  55'  and  (XP. 

9i  Value  1  division  of  vertical  circle  level. 

3.  Value  1  division  of  striding  level. 

4.  Constants  in  terms  of  i>enodic  series  eliminated  in  mean  of  the  readings  of  the 
microscopes  on  horizontal  Umb. 

5.  Constants  in  terms  of  periodic  series  not  eliminated  in  the  mean  of  the  readings  of 
the  microscopes  on  horizontal  limb. 

The  following  is  a  summary  of  the  season's  field  work : 

Nomber  stations  occupied 4 

Niunber  angles  measured 35 

Namber  water-gauge  stations  inspected 4 

Very  respectfully, 

R.  S.  Woodward, 

ABsistant  Eng^ineer, 
General  C.  B.  Comstock, 

Superintendent  United  Slates  Lake  Surrci/. 


4.— REPORT  OF  MR.   J.  A.   OCKERSOX,  ASSISTANT  ENGINEER. 

Office  United  States  Lake  Survey,  May  1,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  work  done  by  the  party 
under  my  charge  during  the  winter  of  1878-79  on  the  survey  of  the  Mississippi  River. 

I  arrived  at  Memphis,  Tenn.,  on  November  20,  and  on  the  21st  was  assigned  quar- 
ters on  the  United  Stat-es  survey -boat  Tennessee. 

After  taking  on  board  the  neces-sary  property,  the  quarter-boat  was  towed  to  O.  K. 
Landing,  Miss.,  60  miles  below  Memphis.  In  accordance  with  instructions  from  Lieut. 
D.  W.  Lockwood,  a  survey  extending  from  near  Austin  to  Delta,  Miss.,  for  the  Mis- 
sissippi River  Board  of  Engineers,  was  begun  on  November  28. 

This  survey,  which  was  in  advance  of  the  secondary  triangulation,  comprised  a 
tertiary  triangulation,  a  duplicate  line  of  levels,  determination  of  river  slope,  shore 
line  of  both  banks,  of  bars,  tow-heads,  and  islands;  topography  of  bars  and  tow- 
heads  and  soundings. 

Observations  for  azimuth  were  made  at  O.  K.  Landing,  and  the  triangulation  was 
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carried  fix)m  a  carefully  chained  base-line  to  a  check  baae  at  the  end  of  the  work^ 
where  observations  for  azimuth  were  also  made,  as  a  check  on  previous  detenninations. 

A  duplicate  line  of  levels  was  carried  down  the  left  bank  of  the  river.  The  line  was 
duplicated  by  usiuff  two  rods  over  the  same  turning  x>oints,  the  height  of  the  instru- 
ment being  changed  for  each  rod.  Between  Austin  and  Trotter's  Landinff,  a  distance 
of  about  18  miles,  the  mean  result  differed  from  the  precise  levels  0.030  foot,  beini^ 
smaller. 

At  Delta,  a  distance  of  12  miles  from  Trotter's  Landing,  the  mean  result  differed 
from  the  precise  levels  0.124  foot,  beiug  smaller. 

Gauges  to  determine  river  slope  were  placed  at  intervals  averaging  3.6  miles,  the 
greatest  distance  being  6.2  and  tne  shortest  2.2  miles. 

The  elevations  <^  zeros  were  detoroiined  by  the  ordinai!y  levels^  and  to  determine 
slope  simultaneous  readings  were  taken  at  two  gauges  for  at  least  five  hours.  These 
reaidings  were  taken  when  the  river  was  nearly  stationiury,  as  determinntionfl  made 
when  the  river  is  either  rising  or  falling  rapidly  are  necessarily  erroneous. 

The  river  slope  changes  with  every  change  of  the  stage  of  the  river;  thecelere  these 
determinations  are  only  true  for  the  stage  at  which  they  were  made. 

The  results  are  given  in  Table  No.  1.  ,    . 

The  northwest  comer  of  Township  29  north,  range  3  west,  was  conne<^;ed  with  the 
survey. 

At  Delta  the  elevation  of  the  high-water  mark  of  1874  was  determined. 

The  record  was  kept  by  Mr.  T.  B.  Hooker,  who  marked  on  a  gate-pos^  the  highest 
point  reached,  which  was  on  April  17. 

The  elevation  of  this  point  above  the  datum  plane  =  189.8  feet;  on  January  11, 1879, 
water  surface  was  153.4  feet  above  datum  plane. 

SOUNDINGS. 

In  sounding,  a  lead  weighing  19|  pounds  was  used,  as  it  was  found  that  a  lifht  leady 
such  as  was  used  in  sounmng  on  the  lakes,  did  not  give  good  results.  A  smauer  lead- 
line would  be  better,  as  a  smaller  surface  would  tiien  be  exposed  to  the  action  of  the 
current. 

Generally,  lines  were  sounded  across  the  river  at  intervals  of  from  250  to  500  meters. 
But  where  the  current  was  rapid  and  the  water  deep,  better  results  were  obtained  by 
sounding  lines  longitudinally,  allowing  the  cutter  to  float  down,  the  crew  rowing  just 
enough  to  give  steerage  way.  Soundings  were  located  with  theodolites  from  these 
tertiary  points  on  shore. 

•  The  Prairie  Point  Bar  and  the  bar  below  Glendale  were  surveyed  twice,  at  stages 
differing  about  16  feet.  There  are  both  soundings  and  elevations  determined  by  the- 
odolite, covering  the  same  area.  On  reducing  soundings  to  elevations  above  datura 
plane,  and  comparing  with  topographic  elevations,  they  were  found  to  agree  very 
closely^  showing  that  in  the  coses  quoted  the  elevation  of  the  bars  was  not  changed 
by  their  being  submerged. 

CAVING  BANKS. 

On  the  left  bank,  from  the  foot  of  Ship  Island  down  about  a  mile,  the  bank  is  clay 
and  sand,  and  is  caving  rapidly. 

The  right  bank  opposite  Shoo  Fly  Bar,  composed  of  sand  and  silt,  is  said  to  have 
caved  400  feet  in  four  years.  The  soil  does  not  break  away  in  large  masses,  as  in  the 
case  of  clay  banks,  but  crumbles  in  and  washes  away,  much  as  though  it  was  fine  dry 
sand. 

Near  the  mouth  of  the  Saint  Francis  River  the  right  bank  is  caving  slightly. 

The  next  caving  is  at  Helena  Island,  and  extends  along  the  left  bank  to  three-fourths 
of  a  mile  below  Trotter^s  Landing.  The  island  is  composed  of  very  loose  soil,  which 
wears  away  easily. 

At  Trotter's  Landing  the  bank  is  clay  and  sand,  and  during  the  time  the  party  was 
working  in  that  vicinity,  caving  was  going  on  at  the  rate  of  10  feet  per  day. 

In  the  bend  below  Helena  the  banks  are  silt  and  sand,  and  caving. 

In  Montezuma  Bend  the  banks  are  silt  with  streaks  of  blue  clay  overlying  sand, 
and  cave  rapidly,  entire  plantations  having  disappeared.  The  process  here  seems  to 
be  that  the  sand  washes  out  underneath,  and  the  firmer  soil  composing  the  upper  strata 
settles  with  the  river  bodily,  often  leaving  the  trees  erect  for  some  tune.  In  this  way 
several  acres  disappear  at  the  same  time.  When  the  ground  begins  to  settle,  the  pro- 
cess is  hastened  by  the  rain  which  flows  into  the  seam  behind  it.  After  it  once  be- 
comes submerged  it  wears  away  quite  rapidly. 

BARS  AND  TOW-HEADS. 

Tlie  middle  bars  between  O.  K.  and  Harbert's  Landings  are  chiefly  sand,  except  at 
the  lower  end,  where  silt  is  found.     Opposit^e  these  bars,  on  the  right  bank,  is  a  sand 


Digitized  by 


Google 


APPENDIX   MM.  1933 

bar  exteudlug  dowu  about  a  mile  below  Harbert^s  Landing.  There  ia  no  gravel  on 
either  of  theoe  bare.  The  sand  is  divided  about  as  follows^  viz :  45  per  cent,  less  tliau 
0.01  inch,  40  per  cent,  between  0.01  and  0.02  inch,  and  15  per  cent,  above  0.02  inch 
in  diameter. 

Shoo  Fly  Bar  lies  about  a  mile  below  Harbert's  Landing.  The  head  of  the  bar  is 
mostly  gravel,  varying  from  0.1  inch  to  4.0  inches  in  diameter. 

The  main  part  of  the  bar  is  sand,  of  which  40  per  cent,  is  less  than  0.02  inch  in 
diameter,  40  per  cent,  between  0.02  inch  and  0.04  inch,  and  20  per  cent,  above  0.04 
inch.     At  the  lower  end  is  a  narrow  strip  of  silt. 

The  only  information  in  regard  to  the  movement  of  this  bar  downstream  was  ob- 
tained from  a  pilot,  and  a  nejpo  who  had  lived  near  it  four  years.  The  former  said  it 
was  moving  down  stream  rapidly,  bnt  could  not  tell  how  fast.  The  latter  said  it  had 
moved  down  nearly  half  a  mile  in  four  yearo. 

The  point  bar  on  the  left  bank  opposite  is  of  the  same  character  as  Shoo  Fly  Bar, 
except  that  the  gravel  found  at  its  head  is  smaller. 

Saint  Francis  tow-head  is  chiefly  silt,  and  is  covered  with  a  dense  ^owth  of  cotton- 
wood.  A  bar  extends  dowu  from  the  lower  end,  and  the  upper  end  is  wearing  away 
rapidly. 

The  Prairie  Point  Bar  is  sand  with  a  little  fine  gravel,  the  latter  being  less  than  0.2 
inch  in  diameter.  Twenty  per  cent,  of  the  sand  is  less  than  0.005  inch  in  diam- 
eter, 50  per  cent,  between  0.005  inch  and  0.01  inch,  20  per  cent,  between  0.01  inch 
and  0.02  inch,  and  10  per  cent,  more  than  0.02  inch. 

Helena  tow-head  is  cniefly  sand  of  the  same  character  as  the  bar,  except  near  the 
lower  end,  where  silt  predominatee.  It  is  covered  with  a  heavy  gix)wth  of  willows 
and  Cottonwood. 

The  bar  on  left  bank  extending  from  near  Glendale  to  Grant^s  Pass  is  mostly  sand, 
except  at  the  lower  end,  which  expands  into  a  mud  flat  covered  with  small  willows. 
A  narrow  strip  of  gravel  extends  along  the  upper  portion  of  the  bar.  It  varies  in 
aize  from  0.1  inch  to  4  inches  in  diameter.  The  sand  along  the  higher  portions  of  the 
bar  has  75  per  cent,  less  than  0.0O5  inch  in  diameter,  15  per  cent,  between  0.005, 
inch  and  0.01  inch,  and  10  per  cent,  above  0.01  inch. 

Montezuma  Bar  is  chiefly  sand,  except  at  the  head,  where  considerable  gravel  is 
found.  There  is  also  a  narrow  strip  of  gravel  on  the  right  bank,  near  the  foot  of  the 
bar. 

It  varies  from  f  inch  down  to  coarse  sand.  A  specimen  of  sand  taken  at  low-water 
gives  10  per  cent,  less  than  0.01  inch,  30  per  cent,  between  O.Ol  inch  and  0.02  inch, 
and  60  per  cent,  between  0.02  inch  and  0.05  inch  in  diameter.  It  was  generally  ob- 
served that  the  finer  sand  was  found  on  the  hi^h  parts  of  the  bar,  growing  gradually 
coarser  toward  the  lower  portions.  This  indicates  that  specimens  obtained  where 
only  a  small  part  of  the  bar  was  exposed  would  not  fairly  represent  the  character  of 
them. 

The  survey  between  O.  K.  Landing  and  Delta  was  completed,  with  the  exception  of 
one  day's  soundings,  on  January  3,  when  the  ice  began  to  run  and  prevented  further 
work  till  January  18.    The  amount  of  work  done  is  given  in  detail  in  Table  No.  2. 

TOPOGRAPHY. 

On  the  arrival  of  the  Little  Eagle,  the  cfuarter-boat  was  towed  up  to  Excelsior  Land- 
ing, Ark.,  whi^  point  was  reached  on  Jannary  24,  and  topographical  work  was  began 
on  the  fbllowiBg  day. 

The  river  was  so  high  by  this  time  that  the  banks  were  overflowed  in  many  places, 
and  the  swamps  and  the  low  ground  back  filled  up  to  such  an  extent  as  to  seriously 
retard  the  work.  In  some  oases  it  became  necessary,  in  cutting  out  section  lines,  for 
tbo  axemen  to  work  in  water  waist  deep,  though  it  was  often  so  cold  that  ice  would 
form  during  the  night. 

In  the  viciaitv  of  Excelsior  Landing  the  land  is  covered  with  a  heavy  growth  of 
oane,  vines,  and  woods,  which  made  it  necessary  to  do  a  great  deal  of  choppiug,  and 
four  extra  axemen  were  employed  for  six  days. 

A  stone  line  was  establisned  one  and  a  quarter  miles  below  Bennett's  Landing. 
Poor  stones,  two  on  each  side,  are  placed  on  a  line  which  is  nearly  at  right  angles  to 
the  direction  of  the  river,  and  passes  through  secondary  station  cotton  wood. 

The  stones  nearest  the  bank  are  about  a  half  a  mile  back,  and  the  others  one  and  a 
half  miles  back,  from  the  river.  They  are  carefully  connected  with  the  secondary  tri- 
angulation,  and  their  elevations  are  determined  by  duplicate  levels. 

On  this  section  many  of  the  secondary  stations  had  been  washed  out,  and  it  became 
necessary  to  supply  their  places  by  tertiary  points. 

The  high  water  left  so  little  of  the  banks  exposed  that  no  determination  of  their 
character  was  made,  except  to  note  whether  they  were  caving  or  otherwise.  Nearly 
opposite  Commerce  the  caving  on  the  right  bank  amounted  to  300  feet  or  more  in  a 
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month.  When  topographical  work  was  begun  at  Excelsior  Landing  the  elevation  of 
37  feet  mark  on  gauge  on  Bennett's  Landings  as  given  in  report  of  F.  W.  Lehnartz, 
1878,  wafl  used. 

Afterward  the  levels  were  connected  with  refer<»nce  points  (>8  and  70,  precise  levels, 
which  showed  that  the  elevation  of  37  feet  mark  as  g' ven  was  0.6iW  feet  too  high.  As 
the  benchmark  established  at  Bennett's  Landing  at  the  time  the  gauge  was  eet  could 
not  be  found,  it  was  not  determined  whether  the  post  on  which  the  37-foot  mark  was 
placed  had  settled,  or  whether  an  error  was  made  in  the  precise  levels  between  the 
main  line  of  precise  levels  and  the  wat^r-gauge. 

Considerable  difficulty  was  experienced  in  finding  the  reference  points  left  by  the 
precise  levels.  These  usually  consist  of  spikes  driven  into  trees.  The  wood  grows 
so  rapidly  that,  although  less  "than  a  year  had  elapsed  siuce  the  spikes  were  driven, 
some  of  them  were  found  to  be  covered  to  a  depth  of  two  inches. 

In  order  to  show  the  slope  of  the  land  from  the  river  bank  back,  eight  sections  on 
the  Arkansas  side  and  six  on  the  Mississippi  side  have  been  plotted  and  are  appended 
herewith.  These  sections  are  a  mile  or  more  apart,  and  are  taken  nearly  at  right  an- 
gles to  the  river.  Narrow  depressions,  like  bayous,  &c.,  were  not  plotted.  Tne  lino 
of  average  slope  was  put  in  by  inspection  after  plotting  its  center  of  gravity  from  the 
mean  ordinate  and  abscissa. 

In  addition  to  the  regular  topographical  work,  daily  observations  for  sediment  were 
made.    The  sections  at  Trotters  Landing  and  Glendale  were  also  sounded  twice. 

The  results  of  the  sediment  observations  are  given  by  Lieutenant  Lock  wood  in  his 
report. 

On  March  7  the  quarter-boat  was  taken  to  Memphis,  where  the  property  was  stored 
and  the  party  discharged. 

The  amount  of  work  done  is  given  in  table  No.  3. 

Since  the  close  of  the  field  season  I  have  beeu  engaged  in  reducing  field  notes  and 
mapping. 

I  am  indebted  to  Recorders  B.  H.  Colby,  H.  C.  Gould,  and  W.  M.  Childs  for  valua- 
ble assistance  in  the  field. 

Very  respectfully,  your  obedient  servant. 

J.   A.   OCKERSON, 
Assistant  Engineer. 
Maj.  C.  B.  COMSTOCK, 

Corps  of  Engineers f  U,  S.  A, 

Table  I. — River  slope  between  O.  E,  Landing  and  Delta,  Miss. 


Locality. 


Between  O.  K.  and  Har- 
bert's  Landings. 


Between  Harbert's  and 
Saint  Francis  Island. 


Between  Saint  Francis 

Island    and    Helena 

Island. 
Between  Helena  Island 

and  Glendale. 
Between  near  Glendale 

to  bar  below. 

Between  bar  below 
Glendale  and  Grant's 
Pass. 

Between  Grant's  Pass 
and  Delta,  Miss. 


8| 

r 


1878.      MUes. 
Nov.    29    2.17 


1879. 
Feb.     19    6.22 


1878. 
Dec.     11  I  4. 35 


Dec.     18    2.71 

Deo.     23    2. 92 

I      1879.     ! 
Jan.       3  I  4. 50 

Jan.      4    3.11 


20.1 


u 

%. 

^i 

1 

§-§ 

I 

J 

1 

« 

m 

Feet. 

Fett 

+0.01 

A    OA 

^0.31 

Rcmarkf. 


0.000 

-0.005 
-f  0.003 

-0.04 

-0.030 


Ist  Kt^uge  is  just  above  where  current 
strikes  bank ;  2d  gauge,  a  short  dis- 
tance below  where  main  channel 
leaves  left  bank. 

0. 475     4th  gange,  behind  a  sand  point,  oat  of 
I      the   cuiTent,    and    opposite   Saint 
Francis  tow-head  and  bend. 

0. 243  6th  gange,  a  little  above  where  cnr- 
I  rent  strikes  bend  at  Helena  Island. 
I 

0.610  I  8th  gange,  a   short  distance   below 
where  cnrrent  leaves  left  bank. 

0. 298  I  10th  gange,  out  of  cnrrent  at  h&id  of 
,      bar. 

0.370  I  11th  gauge,   a  short  distance  above 
where  current  strikes  Montezum* 

I      Bend. 
0.357  I  12th  gauge,   a  short  distance  below 

I      where  current  leaves  left  bank. 
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Tablb  2. — Showing  work  done  between  O,  K,  Landing  and  Delta,  ^lississippi, 

Naniber  of  base-lines  raeasiired 3 

Number  of  observations  for  azimutb 5 

Number  of  tertiary  stations  bnilt  and  occiipietl 65 

Number  of  water-ganges  established 17 

Number  of  level  readings 1,492 

Number  of  theodolite  pointings 9,530 

Number  of  theodolite  readings • 15,571 

Number  of  miles  of  shore  line , 105.5 

Number  of  square  miles  of  topography 9.3 

Number  of  miles  of  levels  iu  duplicate 28 

Number  of  east«  of  lead - 3,711 

Number  of  miles  of  river  surveyed  (measured  along  channel) 25. 3 

Table  3. — Showing  amount  of  work  done  from  Bennetfa  Landing  down. 

Number  of  level  readings 2,343 

Number  of  vernier  readings - 10,226 

Number  of  theodolite  pointings 5,750 

Number  of  miles  of  shore  line 26.6 

Number  of  square  miles  of  topography 22.5 

Number  of  miles  leveled 54 

Number  of  miles  chained H 

Number  of  miles  of  river  surveyed  (mea^re4l  along  channel) 9. 6 

Number  of  tertiary  stations  occupied 5 

Summary  of  work  done  during  season  of  1878-79. 

Number  of  base- lines  measured 3 

Number  of  observations  for  azimuth 5 

Number  of  tertiary  stations  built  and  occupied 70 

Numl>cr  of  water-gauges  established 17 

Number  of  level  readings 3,835 

Number  of  vernier  readings 25,797 

Number  of  theodolite  pointings 15,286 

Number  of  miles  of  shore  line 132.1 

Number  of  square  miles  of  topography 31.8 

Number  of  mile*  of  levels 110 

Number  of  miles  chaine<l 8 

Number  of  casts  of  lead 3,711 

Number  of  miles  of  river  8iu*veyed 34.9 


5. — report  of  mr.  john  eisenmann,  assistant  engineer. 

United  States  Lake  Survey  Office, 

Detroit,  May  31,  1879. 
.Sir  :  I  have  the  honor  to  make  the  following  report  of  the  work  accomplished  under 
my  charge  on  the  survey  of  the  Mississippi  River  during  the  present  fiscal  year : 

1.  I  was  placed  in  charge  of  the  survey  boat  Arkansas  on  November  21, 1878,  at  Mem- 
phis. Tenn.,  with  a  force  of  3  assistants  and  20  men. 

After  the  making  up  of  the  outfit  was  completed,  Lieut.  D.  W.  Lockwood,  Corps  of 
Engineers,  took  the  party  down  the  river,  on  the  24th,  and  left  it  at  the  head  of  Com- 
merce Cut-off,  with  instructions  to  begin  the  hydrography  and  continue  it  down  toward 
Austin.    The  limit  was  afterward  fixed  at  Walnut  Bend  P.  O.,  Lee  County,  Arkansas. 

This  work  was  divided  into  three  sections. 

The  first,  reaching  from  Commerce  Landing,  Miss.,  to  within  2^  miles  of  Mhoon^s 
Landing,  Miss.,  being  a  distance  of  5  miles.  It  was  finished  by  December  5,  and  is  the 
only  portion  done  at  very  low  water. 

The  second  extended  from  the  lower  limit  of  the  first  to  within  1  mile  of  the  head  of 
Bordeaux  Chute,  being  a  distance  of  5  miles,  which  was  completed  on  December  16. 

The  third  extended  from  the  lower  limit  of  section  2,  through  Bordeaux  Chuto 
to  Walnnt  Bend  P.  O.,  Ark.,  a  distance  of  5  miles,  which  was  completed  bv  Decern- 
ber23. 

In  doing  the  above  hydrographical  work  the  new  channel  of  the  river  was  followed, 
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and,  aside  from  the  ordinary  soundings^  it  comprise*!  river- slope  determinations,  the 
development  of  all  sand  bars  by  stadia,  a  line  of  ordinary  levels,  a  system  of  tertiary 
triangles,  and  fonr  nights  of  azimuth  observations. 

There  were  fifty  lines  sounded,  the  soundings  of  which  were  located  by  three  theod- 
olite intersections. 

The  results  obtained  for  river  slope  have  already  been  reported  upon  by  Lieutenant 
Lockwood. 

The  line  of  ordinary  levels  was  run  down  on  the  Mississippi  side  of  the  river,  for 
connecting  the  zeros  of  water-gauges  and  their  bench-marks  with  the  precise  level 
bench-marks  at  Commerce  and  Mhoon's. 

The  system  of  tertiary  triangles,  adopted  in  advance  of  the  secondary'  triangnlation 
for  the  connection  of  the  vanous  points  of  reference,  is  dependent  upon  a  chained 
base  at  Commerce  Cut-off,  and  a  check  base,  chained  at  the  foot  of  Bordeaux  Chute. 
The  system  was  afterward  connected  with  by  the  secondary  triangnlation  parties. 

Two  nights  of  azimuth  observations  were  taken  at  Commerce  Lauding  on  r5  Ursie  Mi- 
noris  at  western  elongation,  and  two  observations  were  taken  at  the  head  of  Bordeaux 
Chute  on  a  Ursas  Miuoris  at  western  elongation. 

2.   TOPOGRAPHY. 

On  December  24, 1878,  the  Arkansas  was  taken  up  the  river  and  left  at  Harckelrode's 
Landing,  Crittenden  County,  Arkansas,  with  instructions  from  Lieutenant  Lockwood 
to  begin  the  topographical  survey  at  this  point. 

The  upper  limit  of  the  topography  is  stone  line  No.  10,  whose  general  azimuth  is 
296°  20',  which  starts  at  bench-mark  \%  250  meters  from  the  northeast  shore  of  Horsn 
Shoe  Lake,  and  3.3t{  miles  from  the  west  bank  of  the  river,  and  ends  at  bench-mark 
J^,  li  miles  from  its  eastern  bank.  The  line  crosses  the  river  at  about  i  a  mile  aboT9 
Star  Landing,  De  Soto  County,  Mississippi. 

From  January  1, 1879,  to  January  24,  the  work  was  almost  exclusively  contined  to  the 
west  side  of  the  river,  on  account  of  the  floating  ice  and  the  unusual  severity  of  the 
weather. 

The  area  completed  by  January  24  extended  ft*om  stone  line  No.  10  to  Porter  Lake 
Bayou,  and  4^  miles  back  from  the  river.  It  embraces  Horse  Shoe  and  Gooae  Lakes, 
the  surveys  of  which  were  ma<le  on  the  ice. 

On  January  25  the  Arkansas  was  taken  across  to  the  Mississippi  side  and  tied  up,  f 
miles  below  Star  Landing.  The  area  surveyed  from  this  point  was  1-^  miles  wide,  and 
•extended  from  stone-line  No.  10  to  secondary  station  Buck  Island  Chute.    It  wascom- 

Sleted  by  February  6,  and  on  February  7  the  Arkansas  was  dropped  down  as  far  as 
[ackler's  plantation,  nearly  opposite  Bennett's  Landing,  Mississippi.  From  this  point 
the  work  was  extended,  with  a  width  of  1|  miles,  down  on  both  sides  of  the  river,  to 
the  secondary  line,  Bennett-Hack ler,  the  upper  limit  of  Assistant  Engineer  J.  A.  Ocker- 
«on's  work.  It  included  Porter  Lake  and  the  remainder  of  Porter  Lake  Bayou,  on  the 
west  side,  and  Old  Buck  Island  on  the  east  side. 

Lines  of  ordinary  levels,  starting  ftt)m  the  precise  bench-mark  at  Star  Landing,  were 
run  down  both  banks  of  the  river,  and  checked  on  the  precise  reference- points  at  Ben- 
nett's Landing.  River  crossings  were  made  at  Star  Landing,  Buck  Island  Chute,  and 
Bennett's  Landing. 

A  rapid  triangnlation  was  made  of  Horse  Shoe  and  Porter  Lakes.  The  ends  of  the 
«tone-line  and  of  field  sheets  on  the  river  firont  were  connected  by  triangles  to  the 
secondary  triangnlation. 

Observations  for  magnetic  variaiien  wiere  taken  at  the  secondary  stations  Horseshoe 
Lake,  Buck  Island,  Bennett's,  Hackler,  and  Porter  Lake,  and  at  several  intermediate 
pointis. 

3.  The  above  work  having  been  completed  on  February  17,  Lieutenant  Lockwood 
on  the  18th  moved  me  into  tne  old  river,  at  Council  Bend. 

A  system  of  tertiary  triangnlation,  based  upon  thesecondaiy  line,  Commerce-Peter's, 
was  at  once  projected.  It  passes  around  Council  Bend  a  distance  of  15  miles,  in  27 
triangles,  and  returns  to  the  same  base.    There  were  15  lines  sounded. 

All  the  shore-line  and  topography  of  Linwood  Point,  and  on  the  main  land  from 
Peter's  Landing,  about  one  mile  in  width  to  Bledsoe's,  was  taken. 

A  line  of  ordinary  levels  was  carried  from  Blue's  Point  across  to  Linwood  PoinL 
and  from  there  to  Old  Basket  Landing,  and  thence  down  to  Peter's  Landing,  and 
also  up  to  Bledsoe's,  where  the  connection  with  Assistant  Engineer  Ockerson's  work 
was  made. 

The  work  in  Council  Bend  was  finished  on  March  9,  and  on  the  10th  Lieutenant 
Lockwood  took  the  Arkansas  up  to  Memphis.  The  property  was  stored  and  the  party 
disbanded  by  the  11th. 

I  left  Memphis,  on  the  evening  of  the  11th,  for  Cairo,  111.,  with  instructions  to  mak« 
the  connection  between  the  United  States  Mississippi  River  triangnlation  and  the 
Unitetl  States  Coast  Survey's  astronomical  post  at  that  place. 
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The  connection  was  made  by  the  13ih,  and  on  March  15  I  reported  for  office  dnty 
in  Detroit. 

I  am  much  indebted  to  Meesrs.  William  Yoigt  and  J.  B.  Johnson  for  their  hearty  co- 
operation and  valuable  assistance  rendered  throughout  the  entire  field  season,  and 
also  to  Mr.  George  A.  Toole,  who  faithfully  performed  a  recorder's  dnty  after  January 
^,  on  which  day  Assistant  Engineer  F.  A.  Fisher  was  relieved. 

4.  I  herewith  append  results  obtained  during  the  field  season. 

a.  Triangulation, 

Commerce  base  of  420.86  meters,  worked  through  46  triangles,  gave  the  length 

of  Bordeaux  base 562.15 

Bordeaux  base,  chained  length 562.17 

At  Commerce : 

Asimath.  Diatance. 

Tertiary  line  A 4-/5^  6 =*3580  44'  IIM  1080.99 

Same  from  secondary =  358^  44'  04'M  1081.09 

After  passing  around  Council  Bend =   358^  43'  56" .7  1080. 91 

At  Bordeaux  Chute : 

Tertiary  Une  A  37-A  38 =*U6^  18'  48".3  1458.50 

Same  from  secondary =   146°  19^  2r'.5  1458.60 

From  Bordeaux  observations =    146^  ir  51^8  1458.55 

h.  Ordinarjf  leveU. 

Distance.  Diaorepanoy. 

Commerce  P.  B.  M.  to  Mhoon's  P.  B.  M 8  miles  0.   10  feet. 

Star  Landing  P.  B.  M.  to  Bennett's  P.  R.  P.  65 7     "  0.004    " 

Star  Landing  P.  B.  M.  to  Bennett's  water-gauge 6     "  0.   06    " 

Blue's  Point,  including  two  river  crossings,  to  Bledsoe's  ..10     "  0.224     ** 

c.  Topography, 

Aside  from  the  methods  given  in  your  instructions  to  chief  of  parties,  the  following 
was  adopted : 

In  a  woodetl  country  care  was  taken  in  ranging  the  cutting  of  the  necessary  sec- 
tion aud  cross  lines.  The  general  azimuth  of  a  line  at  its  ends  was  taken  by  a  theodo- 
lite, and  the  contours  and  distance  were  found  by  the  level.  A  self-reading  rod  and 
a  pair  of  stadia  wires  gave  the  level  and  the  wire  interval  for  the  distance  in  the  same 
observation. 

A  table  of  wire  intervals  and  their  corresponding  distances  was  madefix>m  10  sets  of 
whole  and  20  sets  of  half  interval  observations. 

After  each  day's  adjustment  the  intervals  were  checked,  and  it«  correction,  if  any, 
applied  to  the  table. 

As  in  leveling  the  rod  is  rarely  over  200  meters  from  the  instrument,  the  wire  interval 
could  be  determined  to  tenths  of  meters. 

A  reduction  of  part  of  the  work  shows  that  it  was  done  with  results  far  within  the 
ordinary  stadia  limits. 

Previously,  the  level  was  sent  over  a  line  for  contours  only,  its  distance  being  found 
afterward  by  chain  or  stadia.     By  the  above  method  one-half  the  labor  was  saved. 

5.  The  following  table  gives  the  work  in  detail : 

Tertiary  triangulation,  stations  built 118 

Triangulation  stations,  secondary  and  tertiary,  located 151 

Sonnoing  stations  built  and  located 36 

Aximnths  observed 4 

Bases  chained 5 

Theodolite  pointings 12,975 

Theodolite  readings 19,374 

Vertical  angles 5,075 

Lines  sounded 83 

Casts  of  lead   2,179 

Distance  leveled  in  kilometers 153 

Rirer  crossings 8 

Bench-marks  set 88 

Bench-marks  set  on  stone-line  No.  10 5 

Water-gauges  set 24 

Water-gauge  readings 681 


*  Allowance  for  convergence  waa  made. 
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Hydrograpy,  In  miles  along  river  channel,  old  and  new 30 

Hydrography  in  miles,  inland  lakes 9 

Shore-line  in  miles,  river i 29 

Shore-line,  in  miles,  inland  lakes 24 

Topography,  in  miles,  of  river  length ^ 14 

Topography,  in  sqaare  miles 47 

Sand  I)ar8  surveyed,  number  of 8 

6.  Since  returning  to  the  office,  the  final  reduction  and  computation  of  the  season's 
work  was  made,  and  with  the  assistance  of  Assistant  Engineer  William  Voigt  the  final 
office  charts  are  being  drawn. 

Very  respectfully,  your  obedient  servant, 

John  Eisenmann, 

Assistant  Engineer. 

Maj.  C.  B.  COMSTOCK, 

Corps  0  Engineers^  Brevet  Brigadier-General,  U,  S,  A. 


6.— REPORT  OF  MR.  J.   H.   DARLING,  ASSISTANT  ENGINEER. 

^  Detroit,  April  30, 1879. 

Sir:  I  herewith  respectfully  submit  a  report  of  work  done  by  the  party  under  my 
charge  during  the  winter  of  1878-'79  on  the  Mississippi  River  survey. 

I  commenced  operations  November  24,  1878,  near  Scanlon's  Landing,  about  17  miles 
below  Memphis,  having  with  me  Assistant  Engineer  C.  M.  Winchell,  Recorders  J.  A. 
Paige  and  «f.  C.  Eaton,  and  21  men. 

The  party  was  quartered  on  the  United  States  survey-boat  Mississippi,  which  was 
kept  tied  up  to  the  bank  in  the  vicinity  of  our  work,  and  dropped  down  sti-eam  with 
the  current  as  the  work  progressed. 

We  first  sounded  the  channel  from  Scanlon's  Landing  to  Commerce  Landing,  a  dis- 
tance of  22  miles.  A  six-oared  cutter  was  used  for  this  purpose,  and  a  10-pound  lead, 
having  tallow  in  a  receptacle  at  the  lower  end,  for  determining  the  character  of  the 
bottom  of  the  river.  The  soundings  wore  made  in  lines  across  the  river  as  nearly  per- 
pendicular to  the  channel  as  possible,  these  lines  being  about  500™  apart,  and  the 
soundings  on  these  lines  from  20™  to  50™  apart.  Where  the  depth  was  less  than  18 
feet  the  lead  was  cast  at  every  even  quarter-minute,  and  in  greater  depths  at  every' 
even  half-minute. 

In  order  to  locate  these  soundings,  as  well  as  to  furnish  fixed  points  for  subsequent 
topographical  work,  a  system  of  tertiary  triangulation  was  earned  on  simultaneously 
with  the  sounding,  and  a  few  miles  in  advance  of  it.  The  triangulation  stations  con- 
sisted of  round  posts,  about  1  foot  in  diameter,  set  firmly  in  the  ground  and  white- 
washed. They  were  marked  with  red  chalk  thus,  ^  13  D.  Angles  were  read  with 
WUrdeman  and  Stackpole  theodolites,  closing  the  triangles  with  errors  of  less  than  one 
minute.  A  secondary  line  near  Scaulon's  Landing  was  used  for  a  base  in  starting,  and 
about  9  miles  farther  on  connection  was  made  with  another  secondary  line,  showing  a  dis- 
crepancy of  1:9000.  Starting  again  with  this  new  secondary  Hue,  and  proceedimg  about 
8  miles  farther,  a  base  was  chained,  whose  measured  and  computed  values  differed  by 
1:4000.  Starting  again  with  the  measured  length  of  this  base,  the  trianguldtion  was 
continued  about  6  miles,  until  it  joined  with  a  triangle  side  of  Assistant  Eisenmann's, 
near  Commerce  Landing,  with  a  discrepancy  of  1:90W.  For  the  last  10  miles  or  so  this 
tertiary  triangulation  was  in  advance  of  the  secondary  triangulation. 

Soundings  were  located  by  three  observers  with  theodolites,  who  took  such  tertiary 
stations  for  their  positions  as  would  give  good  intersections.  A  field  plot  was  made 
of  the  soundings,  scale  1:10000.  In  plotting,  the  two  pointings  were  used  which  gave 
the  best  int'Crsections,  while  the  third  pointing  furnished  a  check  on  the  other  two 
and  also  served  to  supply  omissions  of  either  of  the  other  two  observers.  Sand-bars 
which  were  exposed  above  the  water  while  the  sounding  was  in  progress  were  devel- 
oped by  the  stadia. 

Observations  for  river  slope  were  also  made  during  this  time,  the  gauges  being  con- 
nected with  temporary  bench-marks,  whose  elevations  were  determined  afterward ; 
and  daily  gauge  readings  were  made  for  reducing  soundings  and  shore-line. 

The  foregoing  work  was  completed  December  17, 1878,  and,  after  a  delay  of  one 
week  in  getting  moved  up  the  nver,  topographical  work  was  commenced  December 
26,  near  l^anlon's  Landing,  where  the  previous  season's  work  ended.  Had  no  difficulty 
in  connecting  with  the  old  work  from  marks  still  remaining. 

On  January  3,  about  a  week  after  beginning  topography,  ice  commenced  running 
and  caused  serious  trouble.    Not  apprehending  any  danger  from  this  cause,  we  had 
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tied  our  qnart«r-boat  to  the  bank  at  a  point  most  convenient  for  onr  work,  and  at  this 
time  the  position  was  considerably  exposed  to  the  mo  vine  ic-e.  We  protected  the  boat 
as  much  as  possible  by  linine  the  outer  side  at  water's  edge  with  boards  and  placing 
booms  of  logs  in  front  and  alongside.  Not  having  means  of  fastening  these  booms  se- 
curely, they  were  repeatedly  carried  away  and  replaced  again.  During  the  first  12 
days  during  which  the  ice  was  running  the  boat  escaped  serious  ipjury,  out  after  this 
time  the  cakes  of  floating  ice  were  of  much  larger  size,  some  of  them  several  hundred 
feet  across  and  5  inches  thick ;  and  on  the  morning  of  January  15  the  side  of  the 
boat  was  crushed  in  and  she  filled  and  sank  in  a  few  minutes.  Being  close  up  against 
the  bank,  however,  one  side  remained  above  water  and  we  were  able  to  save  nearly 
all  the  property. 

There  was  much  less  ice  running  on  the  following  day,  when  the  steamer  Little  Eagle 
came  to  our  relief  and  attempted  to  raise  the  boat.  After  two  days'  effort  without 
success  the  attempt  was  abandoned  and  my  party  was  obliged  to  resort  to  tents.  We 
started  camp  near  Norfolk  Landing,  Mississippi,  January  *^,  and  continued  the  survey. 
This  was  extended  back  from  the  river  to  a  distance  varying  from  2,400™  (where  the 
river  bank  was  rapidly  wearing  away)  to  1,400™  where  the  bank  was  more  permanent. 
This  survey  carefully  included  all  the  usual  topographical  features  determining  con- 
tour lines,  5  feet  apart,  vertically.  Cross-section  lines  were  cut  through  the  wooded 
country,  about  500  ">  apart,  extending  back  from  the  river  to  the  limit  of  topography, 
in  order  to  develop  the  contour. 

Ordinary  levels  were  run  along  each  bank,  starting  from  bench-marks  near  Scanlon*s 
Landing,  established  by  the  previous  jrear's  survey,  and  closing  on  the  Prinnse  Bench- 
mark at  Star  Landing,  leaving  "  turning-points"  about  600  feet  apart,  whose  eleva- 
tions were  recorded,  and  which  served  as  initial  points  for  the  levels  run  by  the  stadias 
for  determining  contours. 

The  line  of  ordinary  levels,  starting  from  secondary  station  Scanlon,  and  running 
along  the  right  bank,  crossed  the  river  near  Star  Landing,  and  closed  on  the  precise 
bench-mark.  Star  Landing,  with  a  discrepancy  of  0.033  feet,  the  distance  run  being  11 
miles.  On  the  left  bank  were  found  remaining  occasional  turning-points  of  a  line  of 
levels  run  the  previous  season  by  Assistant  Ockerson.  These  were  made  use  of,  their 
elevations  being  known. 

In  leveling  across  the  river  at  Norfolk  Landing  and  Star  Landing,  the  method  of 
simultaneous  observations  with  two  instruments  on  opposite  banks  was  employed 
with  satisfactory  results. 

Determination  of  surface-slope  of  river  by  means  of  simultaneous  hourly  readings 
for  5  consecutive  hours,  on  gauges  stationed  from  5  to  6  miles  apart,  were  made  for  the 
whole  distance  of  22  miles  covered  by  my  soundings. 

I  established  stone  line  No.  9  in  the  vicinity  of  Norfolk  Landing,  consisting  of  four 
stone  posts,  two  on  each  side  of  the  river,  at  distances  of  about  ^  mile  and  1|  miles 
from  bank,  respectively,  and  placed  so  that  the  four  stones  form  near  a  right  line. 
The  elevations  of  the  tops  of  these  stones  were  obtained  by  duplicate  levels,  and  their 
positions  carefully  determined  by  connection  with  the  secondary  triangulation. 

All  elevations  of  bench-marks,  contours,  water-surface,  and  zeros  of  gauges  are  ex- 
pressed in  feet,  and  referred  to  the  adopted  datum  plane  for  the  vicinity  of  Memphis. 

Observations  for  magnetic-needle  variation  were  made  in  the  vicinity  of  Norfolk 
Landing,  Miss.,  in  February,  1879,  using  four  different  needles  for  this  purpose,  whose 
results  were  given  weight  according  to  the  qualities  of  the  needles. 

Connection  was  made  with  the  land-survey  section  comer  lying  between  sections 
7,  8,  17,  and  18,  of  township  4  north,  of  range  8  east,  Crittenden  County,  Arkansas; 
also  with  several  United  States  Coast-Survey  trianculation  stations. 

The  country  being  for  the  most  part  heavily  wooded,  I  found  it  expedient  about  the 
middle  of  January  to  increase  the  number  of  axmen  for  cutting  cross-section  lines, 
and  employed  seven  new  men.  My  force  was  still  further  increased  February  8  by 
Assistant  Engineer  L.  L.  Wheeler  and  his  party,  who  were  then  assigned  to  duty 
under  me.  Shortly  afterwards,  however,  I  discharged  a  large  number  of  axmen  on 
reaching  more  open  country,  and  by  the  28th  of  February  had  brought  my  work  to 
connect  with  that  of  Assistant  Ei^ueer  Eisenmann,  near  Star  Landing. 

I  broke  camp  February  28,  1879,  and,  after  storing  property  in  Memphis,  returned  to 
Detroit. 

My  thanks  are  due  to  the  assistants  and  recorders  connected  with  my  pariy ;  Assist- 
ant Winchell's  services  were  especially  valuable  on  account  of  his  long  experience  and 
the  rapidity  .and  accuracy  of  his  work, 
very  respectfully, 

J.  H.  Dabuno, 
Atsistant  Engintm'. 

Qeneral  C.  B.  Comstook. 
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7.— report  of  mr.  a.  r.  flint,  assistant  engineer. 

Office  of  United  States  Lake  Survey, 

Detroit,  Mick,,  May  31,  1879. 
General:  I  have  the  honor  to  snbmit  the  following  report  on  work  accomplished 
by  the  computing  division  since  May  31,  1878 : 

The  computing-room  was  under  the  charge  of  Assistant  Engineer  O.  B.  Wheeler 
until  July  1,  and  the  work  done  during  the  month  of  June  was  directed  by  him. 
Since  July  1  the  computing-room  has  been  under  my  charge. 

ADJUSTMENT  OF  TRI ANGULATION. 

The  section  of  the  Lake  Erie  primary  triangulation  from  line  Chester- Willoughby 
to  line  Cedar  Point^Stony  Point,  closed  the  previous  year  with  the  formation  of  the 
nonual  equations,  50  in  number.  These  equations  have  been  solved  and  the  final  cor- 
rect-ed  angles  tabulated. 

A  section  of  the  Lake  Michigan  primary  triangulation  extending  from  line  Fremont- 
Deerfield  to  line  Bald  Tom-Michigan  City,  including  the  summit  base  connection 
with  the  primary  triangulation,  has  been  commenced,  the  normal  equations,  thirty-one 
in  number,  have  been  formed,  and  at  the  present  time  the  solution  of  these  equations 
is  about  one-fourth  completed. 

SECONDARY  TRIANGULATION. 

The  secondary  triangulation  of  the  Mississippi  River,  from  Scanlan's  Landing^  Ar- 
kansas, to  Helena  Island,  has  been  reduced,  and  the  latitudes  and  longitudes  of  the 
stations  and  azimuths  of  lines  computed  geodetically  from  the  Memphis  astronomical 
post.  Tables,  in  triplicate,  giving  lengths  of  lines,  azimuths,  and  occasional  latitudes 
and  longitudes,  were  prepared  for  the  field  parties  as  fast  as  the  notes  were  received 
from  the  triangulation  parties. 

CHARTS. 

For  the  final  chart  of  Lake  Erie,  the  stations  west  of  Vermilion,  including  all  of  the 
islands  and  the  Canadian  shore  from  Pointc  Pel^e  to  the  Detroit  River,  have  been  re- 
ferred to  meridians  and  parallels  SC  apart.  Tables  of  water-levels,  light-houses, 
m^netic  variation,  sailing  directions,  &c.,  have  been  prepared. 

For  the  seven  coast  charts  of  Lake  Erie,  the  stations  have  been  referred  to  merid- 
ians and  parallels  5'  apart,  except  for  a  part  of  No.  1,  whieh  were  reduced  during  the 
previous  year. 

Titles  and  notes  have  been  prepared  for  these  charts  and  for  coast  charts  Nos.  4  and 
5  of  Lake  Ontario. 

The  secondary  stations  on  the  Mississippi  River  have  been  referred  to  meridians 
And  parallels  1'  apart. 

For  the  index  chart  of  the  Northern  and  Northwestern  lakes  and  connecting  rivers, 
the  points  selected,  usually  light-houses,  were  referred  to  meridians  and  parallels  1^ 
apart,  and  a  list  of  all  astronomical  and  magnetic  stations  prepared  for  it. 

ASTRONOMICAL. 

The  latitude  and  longitude  observations  made  at  Detroit,  Mich. ;  Rock  Island,  111., 
Red  Wing,  Minn.,  and  Louisiana,  Mo.,  by  Lieut.  C.  F.  Powell,  have  been  reduced,  and 
the  results  tabulated  for  publication,  including  tables  of  time-work  for  the  Detroit 
observatory,  reduced  by  Capt.  H.  M.  Adams. 

The  latitude  of  Saint  Ignace  station,  from  the  observations  made  on  the  several 
posts  on  the  island,  has  been  redetermined,  using  only  the  results  from  single  pairs  of 
stars. 

The  latitude  of  north  base  station,  Minnesota  Point,  has  been  rereduced  in  a  similar 
manner. 

The  results  for  longitude  of  the  Lake  Survey  Observatory  at  Detroit  have  been  com- 
piled from  the  several  connections  made  with  the  United  States  Naval  Observatory  at 
Washington. 

The  observations  made  at  Harbert's  Point,  Miss.,  for  azimuth  of  secondary  base, 
have  been  reduced  and  the  results  tabulated. 

MISCELLANEOUS  WORK. 

Examined  and  checked  two  engraved,  three  photolithographed,  and  six  original 
charts,  scale  -^j^ ;  proof-read  printed  copy  of  annual  report  for  ISTT-TS  and  corn- 
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pared  it  with  the  ori|;^nal  copy  on  file  in  the  office.  Nuuerons  special  computations 
nave  been  made  that  have  arisen  in  the  ordinary  course  of  office  work. 

Observations  for  determining  the  boiling  and  freezing  points  of  standard  thermome- 
ters, and  also  for  calibration,  have  been  reduced. 

The  water-level  records  firom  the  ten  observing  stations  on  the  lakes  have  been  re- 
duced by  months  and  the  annual  curves  plotted.  A  special  report  has  been  made  on 
this  subject. 

All  computations  not  self-checking  have  been  made  in  duplicate. 

Assistant  Engineer  Kummell  has  been  in  the  computing  room  during  the  year.  As- 
sistant Engineer  Wright  was  assigned  to  this  division  until  July  22,  wnen  he  was  suc- 
ceeded by  Assistant  Engineer  Russell,  who  has  remained  during  the  year. 

Assistant  Engineer  L.  L,  Wheeler  has  been  under  my  direction  since  returning  firom 
field  duty,  March  1,  1879. 

Mr.  Russell,  in  addition  to  his  other  duties,  has  had  the  care  of  the  chronometer- 
room,  and  has  observed  for  time  once  or  twice  a  month  when  the  regular  observatory 
work  was  not  being  carried  on.  He  has  also  been  engaged  several  weeks  in  making 
thermometer  observations  and  comparisons  under  your  immediate  supervision.  This 
work  has  been  reduced  ;  a  small  portion  of  it  only  remains  to  be  duplicated. 

Reepecifully  submitted. 


General  C.  B.  Comstock. 


A.  R.  Flint, 

Jsnstant  Engineer, 


APPENDIX  No.  5. 

BIeasurement  of  Sandusky  Base  Line. 

report  of  mr.  £.  s.  wheeler,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  June  9,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  measurement  of  the 
Sandusky  base  line. 

I  received  your  orders  to  measure  the  Sandusky  base  July  20,  1878. 

The  organization  of  the  party  was  as  follows :  Assistant  engineers,  E.  S.  Wheeler, 
T.  W.  Wright,  and  J.Eisenmann ;  recorders,  J.  B.  Johnson  and  F.  B.  Martin;  foreman, 
F.  McGillicuddy ;  a  cook,  steward,  and  12  laborers. 

Mr.  Martin  left  the  party  August  7,  and  his  place  was  supplied  by  Recorder  B.  H. 
Colby. 

The  party,  instruments,  and  camp  equipage  left  Detroit  on  July  25,  1878,  on  the 
steamer  Jay  Cooke,  and  got  into  camp  the  same  day  on  Cedar  Point,  opposite  Sandusky. 

The  line  runs  along  the  outer  shore  of  Cedar  Point.  The  soil  is  clear  sand.  The 
shore  is  slightly  concave,  so  that  the  line  is  a  broken  one,  being  divided  into  three 
nearly  equal  parts,  whose  azimuths  differ  about  29, 

The  ends  ot  the  line  and  the  sections  were  marked  in  the  same  way  as  those  of  the 
Chicago  base,  described  on  page  1402  Report  of  Chief  of  Engineers  for  1878. 

The  line  was  divided  into  six  sections.  The  second  and  fourth  section  stones  were 
the  points  where  the  line  changed  its  azimuth  (about  2^  in  each  case). 

The  angles  at  these  two  section  stones  were  measured  by  Lieut.  P.  M.  Price  with  a 
primary  triangulation  instrument. 

The  alignment  between  section  stones  was  accomplished  by  placing  a  theodolite  mid- 
way between  them  and  approximately  on  line,  measuring  the  angle  and  computing 
the  distance  to  the  line.  This  part  of  the  work  was  assigned  to  Assistant  Engineer 
Eisenmann. 

The  adjustments  of  the  apparatus,  the  making  of  cuts  off,  the  order  of  work,  and  the 
form  of  keeping  notes  were  in  all  respects  the  same  as  at  the  Chicago  base,  described 
in  report  of  Chief  of  Engineers  for  1878,  pages  1402-1405. 

The  party  was  detailed  as  follows:  J.  Eistmmann  placed  the  microscopes  in  position, 
T.  W.  Wright  observed  at  rear  end,  and  E.  S,  Wheeler  observed  at  the  forward  end  of 
the  tube.  B.  H.  Colby  recorded  at  the  rear  end  and  J.  B.  Johnson  recorded  at  the 
forward  end. 

General  Comstock  arrived  in  camp  August  5,  and  directed  the  first  day's  measure- 
ment. 

The  first  measurement  was  completed  September  16.  The  measurement  (made  in 
opposite  direction)  was  completed  October  12. 

Measuring  was  done  on  36  days.  The  average  number  of  tubes  measured  per  day, 
including  the  remeasurementa  each  morning,  was  88. 
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The  second  measnrement  of  the  base  was  made  at  the  average  rate  of  100  tabes  per 
day.    The  greatest  number  of  tubes  measured  in  a  single  day  was  152. 

A  profile  of  the  base  and  its  mean  height  above  Lake  Erie  was  determined.    The 
party  returned  to  Detroit  October  16,  having  been  absent  84  davs. 

Thanks  are  due  to  both  assistants  and  recorders  for  the  skill  and  care  with  which 
they  did  their  work. 

Very  respectfully, 

E.  S.  Wheeler, 
Assistant  Engineer, 
General  C.  B.  Comstock, 

Superintendent  Survey  of  Northern  and  Northwestern  Lakes, 


APPENDIX  No.  6. 

Levels  of  Precision  near  Helena,  Ark. 

report  of  mr.  l.  l.  wheeler,  assistant  engineer. 

Detroit,  May  29,  1879. 

Sir  :  I  have  the  honor  to  make  the  following  report  on  the  levels  of  precision  for  the 
season  of  1878-79  in  connection  with  the  survey  of  the  Mississippi  River: 

I  reported  for  duty  on  the  Mississippi  River  survey  at  Memphis,  Tenn.,  November 
20,  and  commenced  work  at  Austin,  Miss.,  November  27, 1878. 

My  party  consisted  of  Mr.  E.  S.  Davis,  recorder,  1  cook,  2  rodmen,  and  2  axmen. 
Quarters  were  furnished  the  party  on  board  the  Unitcni  States  survey-boat  Pioneer. 

Kern  leveling  instrument  No.  2  was  used  until  December  23,  when,  the  parts  com- 
posing the  object-glass  of  the  telescope  having  become  separated,  No.  1  was  substi- 
tuted in  its  place. 

Level-tube  No.  10  (1  division  =3".05)  was  used  with  both  instruments.  Kern  level- 
ing rods  Nos.  2  and  3  were  used,  the  value  of  the  meters  of  which  had  been  found  by 
comparison  with  standard  meter  to  be  999.840'"'"  and  999.903™™  respectively.  On  both 
rods  the  graduations  commence  near  the  bottom  of  the  rod. 

All  lines  were  leveled  in  duplicate  and  in  opposite  directions,  it  having  been  shown, 
by  actual  levelings,  that  levelings  in  opposite  directions  gave  different  results.  When 
using  two  rods,  both  were  used  on  the  same  line,  rod  No.' 2  being  used  for  the  Ist,  3d, 
5th,  &c.,  backsight,  and  for  the  2d,  4th,  6th,  &c.,  foresight,  and  rod  No.  3  for  the  2d, 
4th,  (ith,  &c.,  backsight,  and  for  the  1st,  3d,  5th,  &c.,  foresight,  and  always  using 
rod  No.  2  on  the  closing  bench-mark.  Excepting  the  manner  of  using  the  rods,  the 
method  of  leveling  was  the  same  as  that  described  in  the  Annual  Report  of  the  Chief 
of  Engineers  for  1877.     (Appendix  L  L. ) 

In  tnis  work  care  has  been  taken — 

1.  That  the  instruments  and  rods  should  be  set  up  as  firmly  as  the  nature  of  the 
ground  would  permit. 

2.  That  the  errors  of  adjustment  should  be  small  and  well  determined. 

3.  That  corresponding  backsights  and  foresights  should  be  nearly  equal  in  length. 

4.  That  the  sura  of  the  lengths  of  the  backsights  and  foresights  preceding  any  point 
on  the  line  should  not  diifer  by  more  than  ten  meters. 

5.  That  the  sum  of  the  level  corrections  at  any  point  on  the  line  should  be  small ; 
and, 

6.  That  the  time  between  a  backsight  and  corresponding  foresight  should  be  as 
small  as  possible,  and  not  exceed  5  minutes.  Under  favorable  circumstances  this  time 
would  not  exceed  1  miuut'C. 

The  accompanying  table  contains  the  result  of  the  season's  work.  The  first  column 
contains  the  distances  between  bench-marks.  The  second  column  gives  the  bench- 
marks and  reference  points.  The  third  and  fourth  columns  contain  the  differences  of 
elevation  of  successive  bench-marks,  the  former  for  the  forward  levels,  and  the  latter 
for  the  backward  levels.  The  fifth  colunm  contains  the  means  of  these  differences  of 
elevation.  The  sixth  column  contains  the  resulting  elevations  referred  to  the  datimi 
plane,  which  is  225  feet  (68.5794  meters)  below  high  water  of  1858,  which  read  34.16  feet 
on  the  United  States  engineer's  gauge  at  Memphis,  Tenn.  The  seventh  contains  the 
difference  in  millimeters  of  the  two  results  between  two  bench-marks.  This  result  is 
called  positive,  when  the  backward  levels  give  a  greater  elevation  than  the  forward 
levels.    The  eighth  column  contains  the  sums  of  the  partial  discrepancies. 

On  commeucmg  work  at  the  bench-marks  at  Austin^  it  was  found  that  their  differ- 
ence of  elevation  had  changed  4.4  millimeters  since  it  was  determined  by  Assistant 
Engineer  Lehnartz.  It  was  assumed  that  their  mean  elevation  had  remained  un- 
changed, and  the  elevations  given  in  the  table  are  based  on  this  assumption. 
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From  Anstin  to  Trotter's  Landing  the  levels  were  carried  along  the  levee  fix)m 
Trotter's  Landing  to  Glendale  along  wagon  road,  from  Glendale  to  reference  point 
17  along  an  old  levee,  and  from  reference  point  17  to  Friar's  Point  alons  the  levee, 
the  total  distance  beiog  27.3  miles.  From  Glendale  levels  were  transferred  across  the 
river  to  Helena,  Ark.,  and  connected  with  the  water-gauge  and  two  permanent  bench- 
marks established  by  m^^  party.  The  elevation  of  the  29.5-foot  mark  of  the  gnage  is 
54.3744  meters. 

The  bench-marks  at  Friar's  Point  were  reached  February  5,  1879.  Recorder  E.  S. 
Davis  was  then  transferred  to  Assistant  Engineer  Wisner's  party,  and  myself  and 
party  placed  under  the  direction  of  Assistsnt  £^ngineer  Darling,  and  by  him  discharged 
February  23,  1879. 

A  list  of  permanent  bench-marks  established  by  my  party,  with  their  descriptions 
and  elevations,  is  appended  herewith. 

Very  respectfully,  your  obedient  servant, 

L.  L.  Wheeler, 
AsaUtant  Engineer, 
MaJ.  C.  B.  CoMSTOCK, 

Carps  of  Engineers,  U.  S.  A. 

DESCRIPTION  AND  ELEVATION  OF  PERMANENT  BENCH-MARKS. 

The  elevations  all  refer  to  the  datum  plane  of  the  United  States  survey  of  the  Mis- 
sissippi River,  according  to  which  the  reading  of  34.16  feet  on  the  Memphis  gange 
corresponds  to  the  elevation  68.5794  meters. 

U.  S,  B,  M.  "  Trotter's  Landing,^^ — ^Top  of  copper  bolt  leaded  vertically  in  top  of  stone 
post  1  meter  long  and  13  centimeters  square,  set  in  ground,  with  top  about  5  centimeters 
above  the  surface.  It  is  on  east  side  of  levoe  at  foot  of  embankment  in  J.  T.  Brames's 
Held,  about  6  meters  south  of  where  a  branch  leve^  runs  off  toward  the  east  on  north 
side  of  Mr.  Brames's  field,  and  about  65  meters  north  of  where  main  levee  enters  field. 
The  stone  post  is  marked  with  the  letters  U.  S.  P.  B.  M.  on  top.  The  elevation  of  this 
bench-mark  is  58.4706  meters. 

U,  S,  B.  M,  "  Glendale,'^ — ^Top  of  copper  bolt  leaded  vertically  in  top  of  stone  post 
1  meter  long  and  13  centimeters  square,  set  in  ground,  with  top  about  5  centimeters 
above  surface,  in  northwest  corner  of  T.  C.  Ferguson's  yard  at  Glendale,  Coahoma 
Connt^,  Mississippi.  The  stone  is  marked  on  top  with  the  letters  U.  S.  P.  B.  M.  The 
elevation  of  this  bench-mark  is  58.3590  meters. 

U,  S,  B.  M,  ^^  Delta, " — ^Top  of  brass  bolt  leaded  vertically  in  top  of  stone  post  1  meter 
long  and  13  centimeters  square,  set  in  ground,  with  top  about  8  centimeters  above  sur- 
face inside  of  field,  about  17  meters  south  of  levee,  and  about  6*^  meters  south  of  where 
road  leading  to  Delta  crosses  levee.  The  stone  is  marked  with  the  letters  U.  S.  P.  B. 
M.  on  top.    The  elevation  of  this  bench-mark  is  56.7991  meters. 

U.  S,  B,M,  "  Friar's  Point  /. " — Center  of  hole  in  outer  end  of  copper  bolt  1  centi- 
meter in  diameter,  leaded  horizontally  into  brick  in  southwest  wall  of  jail  at  Friar's 
Point,  Coahoma  County,  Mississippi.  It  is  118  centimeters  from  west  comer  of  build- 
ing and  135  centimeters  above  the  ground,  in  second  tier  of  bricks  above  water-table. 
The  brick  is  marked  with  the  letters  P.  B.  M.  The  elevation  of  this  bench-mark  is 
57.9261  meters. 

r.  S.  B,  if.  *^Friat^s  Point  11. " — Center  of  hole  in  outer  end  of  copper  bolt  1  centi- 
meter in  diameter,  leaded  horizontally  in  a  brick  in  northeast  end  of  southeast  wall  of 
brick  building  belonging  to  W.  II.  Dickerson,  at  Friar's  Point,  Coahoma  County,  Mis- 
sissippi. The  building  is  in  block  No.  2  of  Fuller's  Addition.  The  elevation  of  this 
bench-mark  is  57.2970  meters. 

U.  8,  B,  if.  ^* Helena  /." — Center  of  hole  in  outer  end  of  copper  bolt  1  centimeter 
in  diameter,  leaded  horizontally  into  brick  in  east  end  of  north  wall  of  brick  building 
on  west  side  of  Main  street,  Helena,  Ark.  The  building  is  the  second  one  south  of 
York  street,  and  is  owned  by  Tenney  &  Cashman.  The  elevation  of  this  bench-mark 
is  60.6381  meters. 

U,  8,  B,  M.  ^^  Helena  //." — Center  of  hole  in  outer  end  of  copper  bolt  1  centimeter 
in  diameter,  leaded  horizontally  into  brick  in  south  wall  of  brick  building  in  north- 
west corner  of  Cherry  and  Rightor  streets,  Helena,  Ark.  The  building  is  owned  by 
H.  S.  &  S.  H.  Horner,  and  is  occupied  by  McKenzie,  Homer  &  Co.,  dealers  in  general 
merchandise.  The  bench-mark  i^  216  centimeters  west  of  southeast  comer  oi  build- 
ing, and  97  centimeters  above  the  sidewalk.  The  letters  P.  B.  M.  are  cut  in  the  wall. 
The  elevation  of  this  bench-mark  is  60.6446  meters. 
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APPENDIX  No.  7. 

Constants  op  Troughton  &  Simms  Theodoute  No.  3. 

report  of  mr.  r.  s.  woodward,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroity  January  31,  1879. 
Sir  :  Daring  the  past  three  seasons,  as  occasion  has  permitted,  observations  have 
been  made  to  determine  the  constants  of  the  Troughton  and  Simms  Theodolite  No.  3. 
These  observations  have  been  reduced  from  time  to  time,  and  I  herewith  respectfully 
snbmit  the  following  report  giving  the  results  attained,  together  with  such  remarks 
as  have  seemed  necessary  to  explain  the  methods  adopted  in  obtalniDg  them : 
The  constants  obtained  up  to  the  present  time  are — 

1.  Value  of  the  space  on  the  horizontal  circle  between  the  graduative  marks  359^  55' 
andO<^. 

2.  Values  of  one  division  of  the  striding  and  vertical  circle  levels. 

3.  Constants  in  the  terms  of  the  periodic  series  eliminated  in  the  mean  of  the  read- 
ings of  the  microscopes  of  the  horizontal  circle. 

4.  Constants  in  terms  of  the  periodic  series  not  eliminated  in  the  mean  of  the  read- 
ings of  the  microscopes  of  the  horizontal  circle. 

VALUE  OF  THE  SPACE  359°  55'-0O. 

The  horizontal  circle  of  this  instrument  is  read  by  three  equidistant  micrometer 
microscopes.  When  the  latter  are  in  adj  ustment,  5  revolutions  of  the  micrometer  screws 
equal  one  space  on  the  circle.  The  micrometer  heads  are  divided  into  60  equal  part«, 
so  that  single  seconds  may  be  read  directly  and  tenths  of  seconds  by  estimation.  In 
order  to  ascertain  the  run  of  the  microscopes  at  any  time,  it  is  necessary  to  know  the 
value  of  a  space  on  the  circle.  To  this  end  36  spaces,  distributed  at  equal  intervals 
around  the  circle,  were  measured  in  terms  of  the  micrometer  screw  of  Microscope  A ;  at 
intervals  during  the  measurement  of  these  spaces,  several  measurements  were  made 
of  the  space  359^  55'-0^,  so  that  its  value  could  be  found  in  terms  of  the  mean  of  all 
the  spaces,  which  mean  may  be  assumed  to  be  5'.  The  following  tables  give  the  re- 
sults of  these  observations : 

Table  I. 

[From  Note-book  £.  M8.] 


Time  ft.  m.  May  25,  me. 

Space 
measured. 

lis 

goo 

Time  a.  m. 

Space 

IS 

Hi 

goo 

JLm. 
9  07 

o      /           o 
86066  -      0 
9  65-10 
19  65  -    20 
29  55  -    30 
39  55-40 

49  55  -    50 

50  55-60 
09  55-70 
79  55-80 
89  65-90 
99  55-100 

109  55  -  110 
119  55-120 
129  55  -  130 
139  66  -  140 
149  65-150 
159  65  -  160 
169  65  -  170 

div,     ' 
+  0.08  . 
+  0.00  > 

-  0.  05  , 
-f  0.50 
+  0.70 
-f  0.42 
+  0.25 

-  0.10 
-f  0.35 
-f  L28 
+  0.55 
+  0.85 
4-0.93  1 

-  0.53  ' 
4-0.10  1 
+  0.23 
+  0.17 

-  0.17 

Km, 

10  20 

o      /          o 
179  65  -  180 
189  65  -  190 
199  55  -  200 
209  55  -  210 
219  55-220 
229  56  -  290 
239  65-240 
249  55  -  250 
259  55  -  260 
269  55-270 
279  55  -  280 
289  55-290 
299  55  -  300 
309  65  -  310 
319  55-320 
329  65-330 
339  65-340 
349  66-360 

div. 
+  0.07 

-  0.30 
+  0.42 
4-0.45 
4-  0.16 
-0.16 
4-0.07 

—  0.10 

10  35 

0  as 

10  46 

9  37 

9  50 

11  44 

4-0.00 

-  0.15 
+  0.05 
+  0.18 
+  0.35 
+  0.25 
+  a42 

-  0.26 

-  ao2 

-  a  16 

It  04 

Mean  of  space  in  iennt  of  micrometer  screw = 6  rev.  +  0.1903  divia. 
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Time  a.  m.  May  25,  1876. 

Space 
meaanred. 

Value  In  terms  of  mi- 
crometer screw  A. 
5  rev. 

h,m. 

9  07 

o      t         o 
359  55  -  0 
359  55  -  0 
359  55  -  0 
350  55-0 
359  56-0 
359  65  -  0 
359  55-0 

div. 
+  0.08 
+  0.12 

9  34 

10  00 

+  0.13 

10  26 

+  0.30 
+  0.00 

10  50 

11  34 

+  0.17 

1149 -   

+  aoo 

Mean  value  of  space  in  terms  of  screw =5  rev.  +  0.1143  div. 

The  Talue  of  each  space  given  in  the  first  table  is  the  mean  of  four  independent 
measurements.  For  each  measurement  the  micrometer  wires  were  moved  across  the 
space  measured,  so  that  the  effect  of  any  small  movement  of  the  microscope  with  ref- 
erence to  the  circle  would  be  rendered  as  small  as  possible.  Each  result  in  the  second 
table  is  likewise  the  result  of  four  separate  measurement*.  As  the  observations  were  all 
made  within  a  period  of  three  hours,  the  results  cannot  be  vitiated  to  any  appreciable 
extent  by  temperature  changes. 

Denoting  the  value  of  the  space  359^  55'— 0<^  by  «ot  and  the  value  of  one  division 
of  the  micrometer  head  by  dj  it  follows  from  the  first  table  that 

300.1903  d=5' =300", 
or 

1 


d=7i 


i.300" 


■300.1903 
and  "from  the  second  table 

»o=300.1143d. 
Substituting  the  above  value  of  d  in  the  last  equation 

300.1143 

*«=3oo:r903-^-4'^'-^i 

In  observing  for  run  of  micrometers  with  this  instrument  the  above  space  has 
always  been  used. 


VALUES  OF  ONE  DIVISION  OP  STRIDING  AND  VERTICAL  CIRCLE  LEVELS. 

The  values  of  a  division  of  the  levels  were  found  by  comparisons  made  in  the  spring 
of  1877  with  the  level  trier  of  the  Lake  Sni-vey.  The  mean  value  of  1  division  of  the 
striding  level  for  a  space  of  about  I'idivisl.ms  on  either  side  of  the  middle  of  the  level 
tube  was  found  to  be  0".898  at  a  temnerature  of  6(P  F. 

The  mean  value  of  1  division  of  tiie  vertical  circle  level  for  a  space  of  about  20 
divisions  on  either  side  of  the  middle  of  the  tube  was  found  to  be  1".026,  at  a  tem- 
perature of  64°  F. 

No  determinations  at  other  temperatures  have  been  made  for  either  level.  The  com- 
putations of  the  above  values  are  given  in  MS.  report  No.  788. 

PERIODIC  ERRORS  ELIMINATED  IN  THE  MEAN  OF  THE  MICROSCOPE  READINGS. 

In  the  spring  of  1876  the  readings  of  the  microscopes  at  12  equidistant  points  on 
the  horizontal  circle  were  carefully  observed,  and  from  these  observations  the  first 
three  terms  of  thej)eriodic  series*  eliminated  in  the  mean  of  the  microscope  reading 
were  computed.  The  correction  to  the  reading  of  any  microscope  for  this  periodic 
error  was  found  to  be -f  2''.71  sin  (xr-f- 1520) -(.2M0  sin  (2  ^ -f  245°) -f  0".48  sin(44r 
-f-  51^),  wherein  z  is  the  reading  of  the  microscope. 

The  observations  from  which  the  above  series  was  computed  are  recorded  in  note- 
book E  548. 


*  See  equation  (32)  p.  52,  vol.  H,  Chauvenet's  Astronomy.    It  should  be  observed  that  the  term  in  2  is 
not  necessarily  due  to  eccentricity. 
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PERIODIC    ERRORS   NOT   EUMINATED  IN  THE   MEAN  OP  THE    MICROSCOPE    READINGS. 

Of  much  more  importance  than  the  preceding  periodic  error  is  that  not  eliminat-ed 
in  the  mean  of  the  microscope  readings,  and  I  have  therefore  taken  great  pains  to  de- 
termine its  nature  and  extent.  In  the  following  pages  I  have  taken  up  the  investiga- 
tion of  this  class  of  errors,  in  the  general  case  of  a  circle  read  hy  any  number  of 
equidistant  microscopes,  at  the  point  where  it  is  dropped  by  Chauveuet,*  and  have 
indicated  briefly  the  effect  of  such  en-ors  on  observed  angles,  shown  how  they  may  be 
eliminated,  and  how  the  constants  of  the  different  terms  of  the  series  may  be  deter- 
mined. The  formulas  derived  are  then  applied  to  compute  the  constants  of  the  terms 
of  the  periodic  error  series  affecting  angles  observed  with  the  Troughton  &  Simms 
theodolite  No.  3. 

In  measuring  angles  with  this  instrument  the  observations  have  generally  been  so 
arranged  that  the  mean  of  the  several  separate  measurements  would  be  free  m>m  peri- 
odic error.  In  a  few  cases,  however,  it  has  been  impossible  to  do  this,  and  some  results 
have  been  obtained  which  should  be  corrected,  if  used  in  the  computations  of  the 
primary  triangulation. 

THEORY  OF  PERIODIC  ERRORS  NOT  RUMINATED  IN  THE  MEAN  OF  THE  READINGS  ON 
A  CIRCLE  OF  ANY  NUMBER  OF  EQUIDISTANT  MICROSCOPES. 

The  periodic  error  not  eliminated  in  the  mean  of  the  readings  of  q  equidistant  micro- 
scopes may  be  expressed  by  the  series 

2Mr8in(r5^+/?r),t 

wherein  z  is  the  reading  of  the  initial  microscope,  Ur  and  (3t  are  constants,  and  r  is  1, 
2,  3,  &c.,  for  the  respective  terms  of  the  series. 

To  determine  the  effect  of  this  error  on  an  angle  observed  between  two  objects,  let 
Ri  =  the  mean  reading  of  tlie  q  microscopes  on  the  first  object, 
B9  ^=  the  mean  reading  on  the  second  object, 
a  =  the  true  value  01  the  angle. 
Then  the  correction  to  Ri  is 

lursinirqz-i-  fiT)j 

and  supposing  the  graduation  to  increase  from  Ri  to  Rg,  the  correction  to  Ra  is 

2  Mr  sin  (rqz  -{-  rqa  -I-  fir)» 
Hence, 

a=R8  — Ri-f  2t*r  sin  (rgr-t-rga-j-f^r)  — 2iir  sin  (rgr-f-/?r) 
or  by  reduction ; 

(1)  a  =  Ra  — Rj-h2  2i«rCos(rg2r-h|ga-h^,)sin^ga. 

The  periodic  part  of  this  equation  vanishes  whenever  the  angle  observed  is  equal  to 
the  angular  distance  between  any  two  microscopes,  since  in  that  case 

sin  ^-  qa = sin  rp  ir=Oyp  being  an  integer. 

Putting  for  brevity 

«fr  =  r5^+^gfl-hf3r, 

equation  (1)  may  be  written, 

(2)  a=Ra  —  Ri  +  2  ui  sin  i  ga  cos  tci 

-h  2  w^  sin  qa  cos  1C9 
-h  2  Ms  sin  I  ga  cos  W9 
-f  etc. 

It  is  apparent  from  this  equation  that,  by  using  suitable  values  for  jr,  some  of  the 
terms  of  the  ]>eriodic  part  may  be  eliminated  in  the  mean  of  a  number  of  measure- 
ments of  a.    This  may  be  best  accomplished  as  follows :  Let  a  be  observed  on  all  the 

successive  p^rts  of  the  circle  represented  by  a:  111=^4- m  -,t  m  being  successively  1, 

nq 

*  See  Article  35,  pp.  51,  52,  and  53,  Astronomy,  toL  II. 

f  See  Miuation  (33)  page  53,  Chaavenet's  Aatronomy,  voL  II.    The  reading  of  either  microeoope  might 
be  taken  for  z.    It  need  be  taken  only  to  the  nearest  degree. 
2v 
tit  will  be  observed  that    -    is  the  distance  between  consecutive  microscopes,  and  hence  the  equa- 
tion sopposee  this  distance  divided  into  n  eqoal  parU.  ' 
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3 (»—!)•    Then  will  there  be  n  eauations  of  the  form  (2);  and  denoting 

he  different  values  of  Ki  and  B«  by  accents,  the  type  equation  will  be 


-f  2«t8in^coa  |trt+fMl^j 

-f  2us  sin  )  ^acos  f  ir3+  m     ) 

+  etc. 
The  sum  of  these  equations  is 

«a=  2  (r,<~  +  '>-  r/**  +  '^)  +  2«i  sin  i  9a  2  cos  (tri^-m^^) 

4-  2ti«  sin  qa  S  cos  (wa  +  m  ~  ] 

+  2tis  sin  }  9a  £  000  ^103+ A^) 

-f-  ete. 
But  in  the  latter  all  the  tenns  of  the  periodic  part  vanish  except  the  n^^,  2ii^,  Zn*^ 
&.€.,  which  become  respectively, 


2nun  sin  ~  9a  oos  Wn,  2nUin  sin  fi(ra  oos  trany  etc.. 


Hence 

(4) 


a  = 1-+  2ttn  sin  - 9a gositb; 

II  4» 

-f  2ii«n  Bin  tt^a  cos  iosb 
4- etc. 
In  general,  n  may  be  taken  so  large  as  to  render  the  periodic  part  of  the  last  equation 
unappreciable,  and  on  this  supposition  a  will  be  given  with  the  required  degree  of 
accuracy  by  the  equation, 

(5)  l(R,<"*-'l^R<~+*>\ 

*=" n 

To  find  the  constants  mi,  %t,  &c.,  /?i,  A,  &c.,  the  value  of  a  given  by  (5)  being  sub- 
stituted in  (3)  gives  putting  r^"*  ^  ^^  =  a  —  (  Ra^*"  "^-^  Ri  ^"*  "•"  ^^  )  ,  and  developing 
the  cosines  in  the  second  member. 

I?  "*"''=  2  sin  i  qa  (cos  m  ~^ui  cos  iti  —  sin  m~  ui  sin  Wii 

+  2  sin  aa  (cos  m    -  n^  cos  its  —  sinm  -^  ii«  sin  tcs) 
^  n  n  ' 

-f  2  sin  i  ga  (cos  m  —Wz  cos  lOj—  sin  m  ^nj  sin  W3) 

»  n 

+  etc. 

Regarding  Ui  cos  tri,  Uj  sin  tri,  tts  cosu'3,  ?«2  sin  its,  dc.c.,  as  the  unknown  quantities  in 
the  equations  of  which  the  above  is  the  tyi>e,  it  folLi  a«  that 


-(m  +  l)co8iH2» 


111*1  cos  Wi  =  — -  —. — ; ■ 

sin  i  qa 

nui  sin  Wi  =  — .  — r 

sin  ^  qa 


(6) 


nUi  cos  103= - 


^v  'cosm— 

n 


nussin  ws^  — 


sin  9a 
sin  5a 
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etc.  etc. 

These  equations  will  determine  Mi,  «,,  113,  «j,  &c.    Then,  since 

Wi=qz   -i- i  qa -\- jSi, 
(7)  iC8=2<?z+    ga-h/5«> 

etc.        etc. 
A,  /3»,  &c..  maybe  found.  ,  .   ,  *        ^1.         .j 

When  a  number  of  values  of  m,,  /3i,  112,  (li^i,  &c.,  have  been  computed  from  theresid- 

oals  ff  ^■*  ■*■  ^^  resulting  from  observations  on  different  angles,  in  order  to  combine  them 
so  as  to  obtain  the  most  probable  result,  it  is  necessary  to  know  their  relative  weights. 
Referring  to  equations  (7)  it  api>ears  that  the  weight  of  /?i  is  the  same  as  the  weight 
ici,  the  weight  of  ^  the  same  as  that  of  1C2,  &c.    From  equations  (6) 

/i»-4-il  r2r 


2r            cosm    ^ 

Ny  COB  ITr  —    -                     - 

jr+«ein«'-'i" 

VrSiutTr  — 

ttsin^^a 

For  brevity  put 

Ic<'»  +  "cos«'-'/ 

*—               .     r 

II  sm  ^  ga 

(8) 

/flt^i>            r2  7r 
Vf?^"*  ^  ^*  sin  «  -^ 

n  sm  -  qa 

Then,  since 

Ur  sin  trr  =  y 

(9) 

..=tan-«J 

E„  =  mean  error  of  tir 
E     =  mean  error  of  w^ 


Then  supposing  the  mean  errors  of  the  residuals  r^"*  + 1>  to  be  each  unity,  it  follown 
*^'*~  ir«       yi^"r      dx       ,dnr      dtf    ^^ 

in  which  m  iB  successively  1, 2,  3 (n  +  D  as  heretofore.   From  equations  (8)  and  (9) 


<?lfr_  X  dUr^ y_ 

dx  ~  (a^+y2H  •  ^^i'        (•'^'4-1^)4 

dtrr g  <*^=__?_ 

cte""        a?^-f^    *   ^y       ^  +  1^  ' 

r27r  .        »*2^ 

—        J  sin  m——- 

dx  cos  m  n         gy      ^ *. 

(m  +  l)—       Tr       'dr"»  +  *  11  sin^gtf 

n  Bin  2  ga  w  om  ^  ^i 


*8ee  Chaavenet'»  Astronomy,  vol.  II,  art  23,  page  502. 
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Substituting  these  values  in  equations  (10)  and  reducing 

2n8in3^g« 
(11) 


flnur^mn^^qa 


Hence  the  weights  of  Ur  and  t^r  or  )3r  vary  as  n  sin'  ^  qa. 

DETERMINATION  OF  CONSTANTS  Mi  AND  P\  FOR  TROUGHTON  A  SIMMS  THEODOtlTB  NO.  3. 

For  an  instrument  reading  by  three  equidistant  microscopes,  equation  (1)  becomes 
a  =  Ra  — Ri  +  2iii  cos  (3^  -|-  fa  +  /9,)  sin  fa 
4-  2ui  cos  (a?  4-  3a  +  32)  sin  3a 
+  2ift)  cos  (9ir  +  f  a  +  ^3)  sin  $a 
4-  ©tc. 

From  this  it  appears  that  in  tb©  mean  of  two  measurements  of  ai  with  initial  micro- 
scope reading  z  for  one  and  180^  +  z  for  the  other,  the  odd  terms  of  the  periodic  scries 
are  eliminated.  In  using  the  T.  &  S.  theodolite  No.  3,  it  has  been  customary  to  follow 
this  consideration.  The  reading  of  the  initial  microscope  may  be  changed  fi^m  z  to 
180^  +  r,  either  by  shifting  the  circle  180*^  or  by  transiting  the  telescope  and  turning 
the  alidade  180^.  The  latter  method  has  been  followed ;  and  as  the  vertical  circle  of 
the  instrument  is  on  the  right  of  the  observer  for  one  result  and  on  the  left  for  the 
other,  the  observed  values  of  the  angle  (R^  —  R|)  may  be  conveniently  designated  by 

Ar  for  vertical  circle  ri^ht,  Zt=z 

Ai  for  verticle  circle  lett,  zi  =  ISO®  -j-  z 

These  values  substituted  in  the  above  equation  give 
a=Ar-f  2iii  cos  iPi  sin  J  a 
-j-  2 1<«  cos  Wi  sin  3  a 

+  &C. 

and 

a  =  Ai  —  2ui  cos  Wi  sin  j  a 
4-2m«  cos  Wi  sin  3  a 
—  &o. 

Taking  the  sum  and  difference  of  these 

(a)  a '~-'  =  2iis  coswa  sin  3  a 

+  2t<4  COS  tr4  sin  6  a 

+  &C. 
A    —  Ai 

(h)  —  -'  ^ — *=2ui  cos  «?!  sin .3  a 

-f2u3  COS  tTs  sin  \  a 
4- etc. 

In  MS.  report  No.  887  the  values  of  Ar  +  Ai  have  been  computed  for  twenty-six 
angles.  From  an  inspection  of  these  values  it  is  evident  that  the  even  terras  expressed 
by  equation  {a)  are  insignificant.  The  application  of  the  second  and  fourth  of  for- 
mulas (6),  using  such  values  of  a  that  sin  3a  and  sin  6a  are  near  unity,  shows  that 
the  coefficients  1*3  and  1/4  are  inappreciable. 

In  the  computation  herewith  appended  the  constants  Ux  and  /?i  for  the  first  odd  term 
of  the  series  have  been  deduced  from  the  observations  on  ten  different  angles.  The 
appropriate  formulas  for  computing  the  constants  for  the  higher  odd  terms  have  also 
been  applied,  but  do  not  give  values  for  the  coefficients  tig,  115  larger  than  would  be 
concealed  by  the  errors  involved  in  the  residuals  r. 

As  the  angles  from  the  measurements  of  which  tei  and  Q\  have  been  computed  were 
all  read  in  the  manner  explained  above,  the  quantities  t?^''*^^^  have  been  derived  from 

the  equation  v^***  +  ^^  == ^ ^ — ^ ,  corresponding  to  equation  (6)  above. 

The  weighted  mean  values  of  u\  and  /?i  resulting  fix>m  the  computation  are 

tJi  =  0".  936 
ft=        1470 
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These  snbstitated  in  equation  (1)  give 

a  =  K«  — Ri  +  r'.87co8(32r-|-f<i4.1470)8inia, 
or 

v  =  l".  87 cos (3r  +  }a  + 147°)  sin  ?  a. 
For  a  nomerical  maximum  of  r, 

a==  60Oandz=281oor341^ 
a  =  180°  and  z = 2210  or  281° 
a = 30(|o  and  r  =  161°  or  2210 
For  any  valae  of  a, 

a  a 

r=owhen£r  =  — g  — 19°  or — 2  4-4P. 

.     Also, 

v=o  when  a  =  f  i>  ff,  p  being  an  integer  or  zero. 
To  farther  illastrate  the  application  of  the  formula  derived,  the  following  table  has 
been  constructed  from  the  measurements  of  an  angle  not  involved  in  the  computation 
of  the  constants  «i  and  /3i.      The  headings  of  the  columns  are  in  accordance  with  the 
notation  explained. 


Angle  at  Sodiu  Station  between  Walworth  and  Palmyra, 


a  =  3V29  5af 


11=12        ^=100 
nq 


t»  =  r.87  cos  (3  Z -f  I  a  + 147°)  sin  f  a. 


Zr. 

Observed  values  of— 

Compated 
values  of 

Corrected  values 
o<^ 

A^ 

Au 

Ar-Al 

" 2 

Ar.         1       Au 

1 

o 
149 

// 
42.45 

H 

46.25 

// 
4-     l.flO 

// 

4-   l.fl» 
+    L72 
+    1.29 
+     0.52 

-  0.40 

-  1.21 

-  L69 

-  L72 

44.14  !      44.56 
45.52        45.33 

150 

43.  80  I    47.  05  1          +     L  62 
43. 15  1    46. 70  1          +    1. 77 
44. 05  I    46. 50  I          +    L  22 
45.95'    45.25  '          -    0.35 
46. 70  1     44.  75  t           —     0. 07 

ia9 

44  44         45.41 

179 

44*57        45  96 

188 

45.55         45.65 

IM 

45.49  I      45l96 

209 

46.85 
45.50 
46.25 
46175 
44.90 
43.70 

44.20  f           —     1.32 

45k  16  '      45.89 

219 

42.15 
44.10 
45.20 
44.30 
45.40 

-  1.67 

-  L07 

-  0.77 

-  0.30 
+    0.85 

AS^  7ft   '        A3  AT 

229 

—     L29          44.96         45.39 

239 

—     0  52           46.23         45  72 

249 

4*    0.40           45.30  >      43  90 

259 A 

+     L21  1        44  91  .      44.19 

Sams 

00.05  i     61.85 

6a  05  1      6L  85 

Mean  angle  a  =  312c>  52^  45''.08. 

A  partial  test  of  the  accuracy  of  the  periodic  formula  is  afforded  by  a  comparison  of 
the  observed  and  computed  values  of  the  residuals  r. 

The  computed  values,  v,  are  applied  directly  to  the  results  Ar,  and  with  their  signs 
changed  to  the  results  Aj,  to  produce  the  last  two  columns. 

Re9ults  of  computation  of  Ui^  ^u  ond  relative  weighta  from  ten  measured  angles. 


a. 

01. 

til. 

n  sin*  fa. 

ft    sin»|a. 

n  til  sin*  1  a. 

o       f       n 

60    47    2a46 

o 

149 

141 

145 

151 

149 

142 

149 

152 

137 

152 

0.779 
1,044 
0.896 
0.916 
0.966 
0.082 
1.154 
a964 
0.992 
0.869 

10.000 
1L779 
11.980 
11.999 
10.371 
10.496 
7.703 
6.714 
7.176 
7.976 

o 
1,490.0 
1,660.9 
1,737.2 
1, 811. 8 
1,545.4 
1,490.4 
1,14a  3 
1,020.6 

983.1 
1,212.4 

7.790 

54    48    16.32 

12.299 

58    27    40.66...: 

10  766 

179    38    56.76 

10.997 

74    25    05.56 

10  025 

46    10    5L83 

8.732 

52    38    50.72 

8.897 

44    14    59.27 

6.472 

47    31    33.58 

7,117 
6.936 

57    56    16.35 

Sums. 

96.198 

14,100.1 

90  031 

"WHghtfMl  means   

1460.57 

0''.i357 

1 

Very  respectfully, 


Cleneral  C.  B.  Comstock, 

Superintendent  U,  S,  Lake  Survey. 


R.  S.  Woodward. 
Assistant  Engineer. 
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APPENDIX  No.  a 

Errors  of  certain  thermometers. 

report  op  mr.  thomas  russell,  assistant  engineer. 

Office  op  Surveys  op  Northern  and  Northwestern 

Lakes  and  Mississippi  River, 

Detroit,  Mick.y  May  25,  1879.  * 

General:  In  accordance  with  yonr  instractioiiB,  I  have  the  honor  to  make  the 
following  report  on  the  calibration  of  thermometer  Baudin  6131,  its  corrections  at 
freezing  and  boiling  points,  and  on  the  corrections  of  Cassella  Nos.  21472,  21473, 21474, 
21475,  and  21476;  Ai,  As,  A3,  A|,  Bi,  B^,  B3,  B4  of  the  Clarke  yards  A  and  B,  and  Geias- 
ler  Nos.  1,  2,  3,  and  4. 

The  bulb  of  Baudin  6131  was  cracked  January  3, 1879,  while  trying  to  detach  a  column 
of  mercury  with  which  to  calibrate  it.  The  thermometer  Was  sent  to  James  Green, 
New  York,  and  another  bulb  blown  ou.     It  was  received  here  February  21,  1879. 

The  following  are  the  dimensions,  in  inches,  of  this  thermometer  as  repaired:  Total 
length,  17i;  distance  from  (P  to  100^,  13^^;  length  of  bulb,  1^;  diameter  of  stem,  A; 
diameter  of  bulb,  A*  The  thermometer  is  graduated  according  to  the  Centigrade 
scale;  to  fifths  of  a  degree,  from  — 1.0°  to  -f  101^.0. 

calibration. 

The  calibration  corrections  of  »  Centigrade  thermometer  are  the  corrections  to  be 
applied  to  the  division  lines  as  subdividing  into  p^irts  of  equal  capacity  the  tube  from 
the  line  (P  to  the  line  l60<^.  These  corrections  Were  determined  for  Baudin  6131  with 
columns  of  50^.2,  -24^.9,  *nd  l(P.l.  The  columns  were  placed  in  various  parts  of  the 
tube,  and  the  readings  of  the  ends  determined  with  a  microscope  having  a  micrometer 
arttachment.'  The  focus  of  the' microscope  was  fixed  for  a  point  between  the  mercury 
and  the  graduation,  which  caused  indistinctness  of  both  images.  The  micrometer  was 
read  on  the  mercury,  and  the  graduation  above  and  belOw  it;  from  these j  by  dividing 
the  difierence  between  the  reading  on  one  graduation  and  the  mercury  by  the  di& 
ference  between  the  two  graduations  the  fractional  part  of  the  reading  of  the  end  of 
the  column  was  obtained.  The  difference  of  the  readings  of  the  two  ends  of  the 
column  gave  the  length  of  the  column  at  that  part  of  the  tube.  From  the  various 
measured  lengths  of  the  columns  the  calibration  corrections  were  derived. 

Denote  the  measured  lengths  of  the  columns  according  to  the  part  of  the  scale  on 
which  they  are  made  by  [0 '50]  [5-30]  [15  '25],  &c.  In  the  tables  following,  these 
quautities  are  usually  the  means  of  two  or  more  measurements.  Denote  the  mean  of 
[0  •  50]  [50  •  100]  by  (Cso),  the  mean  of  [0  •  25]  [25  •  50]  [50  •  751  [75  •  100]  by  (C35),  and 
the  mean  of  [0-lOJ  [10-20]  [20-30]  [30-40]  I4(r-5oT  by  (Cvo)-.  Denote  the  true 
lengths,  expressed  in  degrees  (the  degree  being  ^Jn  of  the  capacity  of  the  tube  be- 
tween 0^  and  100^)  of  the  columns  by  ObcCm,  Cio.  Denote  the  calibration  corrections 
at  the  points  5<^,  10<^,  15°,  &c.,  by  ^(5),  ^(10),  0(15),  &c.  Then  from  the  25*=^  column 
these  equations  follow: 

C«=t  0-251   +0(25)  •  . 

C26=  [25-50]  —0(25) +  0(50) 
C»  =  [50-751  —0(50) +  ^(75) 
C«6=  [75-100]— 0(75) 

Summing  up  these  equations  and  dividing  by  4  we  have 

_,        [0-25]  H-  [25-50]  -f  [50.75]  -f  75-100] 
C86=  ^  ; 

that  is,  the  quantity  which  has  been  denoted  by  (C^a)  is  e^ual  to  the  true  length  of  the 
column,  or  Cm,  Making  this  substitution  and  transposing,  the  expressions  for  the 
corrections  at  25°,  50^,  and  75°  are  as  follows: 

0(25)  =  (C.25)  — [0-25] 

0  (50)  =  0  (25)  -f  (C«5)  -  [25-50] 

0  (75)  =  0  (50)  4- (C«»)  -  [50-75] 

From  the  50°  column  we  get  in  the  same  way : 

^(50)  =  (Ceo) -[0-50] 
With  equations  formed  by  the  10°  column  it  will  be  fouiul  that: 

C,o=(C,o)  +  t0(5O) 
By  substituting,  the  corrections  at  10°,  20°,  30°,  40°  will  be  found  to  be: 
0  (10)  =  (Co) +  i  0(50) -[0-10] 
0(2O)  =  0(l(J)  +  (6,o)-fi0(5O)-[lO-2O] 
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A  system  of  measurements  with  the  25^  column  was  also  made  from  0^  to  25^,  5^  to 
30°,  ICP  to  35^,  and  15°  to  40°.  Before  using  these  to  determine  the  corrections  at  the 
points  5°,  35°,  and  15°,  the  columns  were  corrects  hy  the  difference  in  the  measure- 
ments of  [0*25]  in  the  two  systems.  This  correction  was  applied  as  the  temperature 
of  the  column  was  not  the  same  in  the  two  systems,  and  its  length  not  the  same  in 
consequence.     The  expressions  for  these  corrections  are  then : 


^(5)=^(30)-<(c„)_t'1.^M 


The  corrections  at  5°  and  35°  may  also  he  derived  in  the  same  way  from  the  10° 
column.  Where  there  are  two  values  of  the  calibration  correction  at  tne  same  point 
the  mean  ir  adopted.    On  the  following  pages  the  observations  and  results  are  given : 


CALIBRATION  OF  BAUDIN  6131. 

ApHl  14  and  15. 
[50°  column.    Temp,  of  air,  77<^  «nd  72^^^.] 


Spaoe. 

Measured  lengths. 

TL. 

«•_» 

let. 

2d. 

8d. 

4th. 

[0-60] 
[50-100] 

o 
50.231 
5a  153 

0 

50.240 

.149 

0 

50.230 

.120 

0 

50.240 

(     .119 

i     .152 

0 

50.285 
1            50.189 

(C»)  =  50.187 

April  15  and  16. 
[26°  column.    Temp,  of  air,  72o.]     ■ 

Space. 

Measured  lengths. 

Means. 

let. 

2d. 

[  0-26 
26-50 
50-75 
75-100; 

[  0-25] 
&-30 
10-85 
15-40 

0 
2i.S88 
24.087 
24.804 
24.887 

24.035 
24.002 
24  034 
24.060 

0 
24.011 
25.000 
24.882 
24.886 

24.922 
24.908 
24.038 
24:946 

0 
24.900 
24.003 
24.888 
24.886 

(C»)  =  24.017 

24.928 
24.002 
24.036 
24.053 

123  b 
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ApHl  16. 

[lip  colmniL    Temp,  of  sir,  70".  ] 


a 

MeuM. 

lit. 

M. 

[  O-IO] 
5-U 
10-20 
15-28 
20-30 
25-85 
80-40 
85-46 
40-50 

o 
10.180 
.188 
.079 
.095 
.108 
.158 
.166 
.165 
.144 

o 
10.128 

o 
10.129 
.188 
.068 
.095 
.164 
.158 
.166 
.165 
.146 

.096 

.166 
.157 
.107 

.147 

(Ci«)  =  10.189 

AprU  15. 
(26P  oohmui.    Temp,  of  air,  72^.] 


SpMe. 

Heeenied  length*. 

Heaiia. 

UL 

2d. 

8d. 

4th. 

M 

o 
24906 
25.006 

o 
24.914 
25.010 

o 
24.916 
25.018 

0 

24.915 
2&015 

0 

24.918 
25.011 

(C»)  =  24.062 

From  the  5(P  colomn  [O-SOJ  [50-100]  the  oorreotion  at  50°  is  found  to  be  — Oo.048. 
The  correction  at  the  same  point,  obtained  by  means  of  the  i&°  column,  is  — 0^.069. 

The  mean  of  these  yalnes  is  adcmted  as  the  ooiiection  at  50^,  and  witn  this  and  the 
spaces  measured  bv  the  25^  and  10°  columns  the  calibration  corrections  at  the  points 
between  (P  and  50^,  given  helow,  are  found. 

CAUBRATIOX  COBBBCTIONS,  BAtTDIN  6131. 


Temp. 

lOOooL 

260  coL 

CaL  oor.  C, 

0 

5C. 
IOC. 
15  C. 
20  C. 
25  C. 
80  C. 
85  C. 
40  C. 
45  C. 
60  C. 
75  C. 

-0.010' 

-0.086 

0 
-0.028 
-0.001 
-0.020 
+0.089 
+0.021 
+0.008 

0.000 
-0.086 
-0.087 
-0.054 
-0.080 

-0.012 

-0.028 

-0.009 

+0.008 

BOnJKO  POINT. 


Two  determinations  of  the  boiling  point  of  Baudin  6131  wet«  made,  one  March  96 
and  the  other  Anril  14.  The  thermometer  was  in  the  vapor  of  boiling  water  about 
twenty  minutes  before  readinss  were  made.  It  was  observed  both  in  a  horisontal 
and  vertical  position.  The  difference  in  the  readings  in  the  two  poei^ons  was  found 
to  be  0^.18  Cent.,  the  reading  being  greater  when  hoiizontaL    A  dekoinination  of  freest 
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ing  point  was  made  Just  after  each  boiling,  aUowing  fifteen  minatee  for  the  thermom- 
eter to  cool  before  packing  in  ice. 

When  the  thermometer  was  observed  in  vapor  of  boiling  water,  readings  of  standard 
barometer  No.  1274,  James  Green,  were  made  about  the  same  time.  The  boiliDg  water 
was  at  about  the  level  of  the  barometer  cistern. 

In  the  annual  report  of  the  Lake  Survey  for  1861  (page  199)  the  correction  to  reduce 
the  readings  of  No.  1274  to  true  barometric  height  is  —  0*".006. 

This  correction  is  the  result  of  comparisons  made  at  Cambridge,  Mass.,  by  W.  C. 
Bond,  between  it  and  barometer  Newmann  No.  57.  Newmann  No.  57  had  been  pre- 
viously compared  with  the  Royal  Society  standard  in  London,  and  there  was  found  to 
be  no  difference  between  them.  On  account  of  the  considerable  time  siuce  the  com- 
parison of  1274  with  Newmann  No.  57,  it  was  considered  advisable  to  have  a  check  on 
Its  correction.  For  that  purpose  the  barometer  was  taken  to  the  office  of  the  Signal 
Service  in  Detroit,  and  compared  with  **  si^al-service  barometer  No.  352."  The  result 
of  the  comparison  showed  that  the  correction  is  about  the  same  as  that  found  in  1861. 

The  height  of  the  ground  in  the  vicinity  of  the  Lake-Survey  office  is  about  601  feet 
above  sea-level;  the  neisht  of  the  barometer  cistern  above  the  ground  was  !^  feet. 
The  correction  to  be  applied  to  the  observed  barometer  heights  for  elevation  above 
sea-level  and  to  reduce  to  latitude  45°.  the  latitude  of  Detroit  being  42°  20',  is  ~  0(n.007, 
so  that  the  total  correction  to  be  applied  to  the  barometer  readings,  in  addition  to  the 
reduction  to  0^.0  Cent.,  is— 0«n.013. 

When  there  was  an  excess  of  pressure  inside  of  the  vessel  containing  the  boiling 
water,  as  shown  by  a  water-ffauge  made  of  a  glass  U-shaped  tube  attached  to  it,  the 
proper  correction  was  made  for  it 

Tne  line  IWP  on  Centigrade  thermometers  represents  the  temperature  of  steam  under 
a  standard  pressure,  or  a  barometric  reading  m  the  latitude  ASP  at  sea-level  of  0.760 
of  a  meter  after  correction  to  (P  Cent 

The  method  of  deriving  the  correction  to  any  reading  for  the  error  in  the  relative 
position  of  the  10(P  and  the  0°  mark  on  the  thermometer  is  as  follows: 

Denoting  by  rr  the  reading  of  the  thermometer  in  vapor  of  boiling  water,  by  ir  the 
temperature  of  the  vapor  taken  from  the  tables  with  the  corrected  barometer  readings, 
and  by  /,  the  reading  of  the  thermometer  in  melting  ice  Just  after  boiling,  then  (r^ — /) 
will  be  the  difference  in  the  thermometer  readings  which  corresponds  to  a  change  in 
temperature  betwerat  (P  and  the  temperature  <t.    The  value  in  centigrade  degrees  of 

a  unit  of  the  thermometer  scale  is  then ;-.    Boiling  a  thermometer  lowers  its  frees- 

Tr — f* 
ing  point,  and  the  freesing  point  rises  rapidly  afterward.    Taking  f '  as  the  reading 
in  meltiuff  ice  at  any  time,  then  for  any  other  reading  of  the  thermometer  I,  the 
correspon&ig  centigrade  temperature  (not  considering  calibration  errors)  will  be 


(«-/ 


••(^) 


and  denoting  by  x  the  scale  correction  for  any  point  t,  it  becomes : 


-('-/')  0^)-* 


The  scale  corrections  of  Baudin  6131  are  given  for /'s  -f  0^.2  Cent    A  change  in/ 
of  0^.12  will  cause  a  change  in  the  scale  corrections  of  0^.001. 

BAUDIH  6131,  HORIZOMTAK 


Ther.  read- 

Soale.oor. 

ing. 

Cent 

o 

o 

5 

+0.041 

10 

+0.08S 

15 

+0.126 

20 

+0.168 

S5 

+0.210 

ao 

+0.262 

85 

+0.296 

40 

+0.837 

45 

+6.87» 

60 

+0.422 

The  oonection  to  a  thermometer  reading  may  be  taken  as  consisting  of  two  parts, 
that  at  freesing  point,  a.  which  is  a  constant  for  all  x>ointB,  but  varies  with  tibe  time ; 
■ad  h,  the  sum  of  the  calibration  correction  and  the  correction  due  to  the  enor  in  the 
lelatiTe  position  of  the  freesing  point  and  the  boiUng  point,  which  is  a  ooosttnt^  as 
Mgwdi  Hie  time,  but  varies  for  different  points  of  the  thermometer. 
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Correoftoii  dme  to  error  in  relative  potUion  0/  freerkig  and  hoiUmg  pemU, 

BAUDIN  6131,  HORIZONTAL. 


Bate. 


Hareli28,1879. 
AprflH,  1879.. 


It 


Mw451 
96. 668 


Inch.         o 
29.082  99.20ft 
29.173  I  99.294 


-H).764 
+0.726 


+0.060 
+0.127 


Mean. 


+0.814 
I  +0.858 

L_ 

1+0.884 


BAUDIN  6131,   HORIZONTAL  IN  MELTING  ICE. 


Bate. 


Aprfl.  9, 1879 
April  12,  1879 

Mean.. 

May  14. 1879. 
May  15,  1879. 
Kay  ]«,  1879. 

Mean.. 


+ai77 

+0.199 


+0.188 


-0.188 


+0.244 
+0.250 
+0.282 


+0.252 


Tbermeaieter  in  Taper  pt  befling  water  April  14. 

BAUDIN  6131,  HORIZONTAL. 


Thermometer  reading 

Calibration  and  scale 

(Centigrade). 

corTectiona  =  fr. 

0 

0 

0 

0.0 

5 

+0.018 

10 

+0.082 

15 

+0.105 

20 

+a207 

25 

+0.231 

30 

+0.255 

85 

+0.295 

40 

+0.301 

45 

+0.342 

50 

+0:868 

COMPARISONS. 


Bandin  6131  was  compared  horizontally  in  water  with  Cassella  31472,  21474,  21476^ 
Ai,  Ag.  A«,  A4,  and  Bi,  Bs,  l3s,  B^.  The  thermometers  were  placed  with  the  etems  piuraUel^ 
and  tne  bnlhs  venr  close  together.  The  water  covered  them  to  the  depth  of  1^  inches. 
The  tank  in  which  they  were  placed  is  3  feet  by  1  foot  and  1^  feet  deep.  During  the 
time  the  comparisons  were  being  made  the  temperature  of  the  air  in  the  room  was 
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kept,  as  near  as  practicable,  the  same  as  that  of  the  water.  The  only  time  when  this 
was  not  BO  was  when  comparisons  at  the  temperature  of  44^  F.  were  read.  Then  the 
air  temperature  varied  from  46^  to  50^  F.  The  water  was  constantly  stirred  while  the 
thermometers  were  not  being  read. 

The  order  in  which  the  thermometers  were  read  were  Baudin  6131,  then  the  Cassellas ; 
Bandin  6131,  then  the  A's  and  B's,  and  Baudin  6131  again.  The  mean  of  the  1st  and 
2d  reading  of  Baudin  6131  was  taken  to  compare  with  the  Cassellas,  and  the  mean  of 
the  2d  and  3d  to  compare  with  the  A's  and  B's.  The  thermometer  readings  were  made 
with  a  microscope,  the  micrometer  comb-scale  being  used  to  estimate  the  revolutions 
and  tenths  on  the  mercnry,  the  graduation  preceding  and  the  one  following  it.  The 
time  required  to  make  one  series  of  readings  on  all  the  theruiometers  was  about  five 
minutes.  Cassella  21472  was  close  to  Baudin  6131  in  the  tank.  Series  of  readings 
were  made  at  intervals  of  five  minutes.  Four  series  were  usually  made  at  each  tem- 
perature. 

The  freezing  points  of  all  the  thermometers  were  determined  before  and  after  the 
comparisons  mtkide  in  April  and  May.  The  means  of  all  the  observed  freezing  points 
after  December  25,  187U,  are  used  for  the  a  corrections,  except  for  Baudin^s  6131,  its  a 
correction  having  been  changed  by  boiling.  The  corrections  determined  at  the  time 
the  comparisons  were  made  were  used  as  the  a  corrections  at  those  times  for  Baudin 
6131. 

Eeadingt  of  Catella  tkennometer$. 

HORIZONTAL  IN  MELTING  ICK. 


Date. 


December  M,  1878.. 
December  90,1878.. 
January  18. 1870.... 
February  3, 1879  ... 
Februarv 5, 1879  ... 

April  9. 1879 

April  12, 1879 

Kay  14. 1879 

May  16, 1879 


Means.. 
«CorreoUons. 


No.  of 
results. 


12 
8 
4 
4 
4 
4 
4 
4 
4 


21472. 


33.14 
.12 
.12 
.08 
.10 
.12 
.12 
.10 
.09 


82.11 


-0.11 


21478. 


32.09 


32.05 
.04 
.03 


21474. 


32.11 


32.04 
.04 
.03 
.03 


21475. 


32.07 


32.05 
.03 
.05 


32.05  I    82.06  I    32.05 


0.05     -0.06     -0.05 


2147flL 


32.12 


32.09 


.04 
.05 


82.06 


-0.08 


ThertnomeUr$  of  Clarke  yards, 

HORIZONTAL  IN  MELTING  ICE. 


Date. 


Janaary  17, 1879  . . 
January  18. 1879 . . 
February  3v  1879 
February  5,1879.. 

April9.  J879 

April  12, 1879 

Mavl4,1879 

May  16. 1879- 


Means  .. 
aCorreetiona. 


No.  of 
reanlte. 


A,. 


82.61 
.58 
.58 
.52 
.57 
.56 
.57 


32.57 


32.46 
.50 
.46 
.47 
.40 
.46 
.44 
.45 


32.45 


32.43 
.44 

.40 
.43 
.36 
.36 
.41 
.40 


A4. 


32.40  I 
.40  ! 
.37 
.41 
.32 
.33  I 
.34  I 
.35 


32.43  . 

.44  I 

.42 

.38 


32.27  '  32.51 

.28  1  .49 

.29  .48 

.28  I  .48 


32.40  I    ;^2.86   I    82.42 


32. 28      32. 49 


-0.57     -0.45     -0.40  ,  -0.36   1  -0.43     -0.28  j  -0.40 


32.40 
.49 
.51 
.49 


32.50 


-0.50 


aConeetlon:  Mean  of  Ai,  A»,  Aj.  A4=-0o.44. 


Mean  of  B).  B«,  B,,  B4=-0o.42. 


In  the  latter  part  of  Jannarj'  1879.  Casella  21472  was  compared  with  Casella  21473, 
21475,  Ai,  A«,  A9,  A4,  and  Baudin  6130.  Tliese  comparisons  are  used  to  determine  the 
corrections  of  Casella  21473  and  21475,  taking  Casella  21472  as  the  standard.  The  cor- 
rections of  Casella  21472  are  derived  from  the  April  and  May  comparisons  with  Baudin 
6131,  as  are  also  the  corrections  of  Casella  21474,  21476,  and  Bi,  B^,  B3,  B4.  The  cor- 
rections of  Ai,  As,  A),  A«  are  derived  from  the  means  of  the  results  obtained  firom  the 
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April  and  May  comparisons  with  Bandin  6131.  as  the  standardi  and  the  January  eom- 
parisons  with  Casella  21472  taken  as  the  stanaard. 

The  following  tahle  gives  the  (b)  correction  of  Cassella  21472  as  detennined  in  differ- 
ent ways.  The  corrections  are  aerived  from  the  comparisons  with  Baodin  6130  and 
Bandin  6131,  calibration  and  other  corrections  being  applied,  from  comparisons  with 
A  I,  As,  As,  Ai,  and  B|,  Bg,  B3,  B^,  applying  Lieutenant^olonel  Clarke's  corrections  to 
the  means  of  both  seto  of  thermometers,  and  from  the  corrections  of  this  thermometer, 
famished  by  Kew  Observatory,  England,  and  by  Prof.  H.  8te.  Claire  Deville,  of  Paris. 

Table  of  h  oorreotiQM  of  Caaella  21472,  a$  derivodfrom  oompariaan  with  different  ikerwumeten, 

THERMOMETER  HORIZONTAL. 


BMldiD  6131. 

Mean  of 

Mean  of 
Bi.Bt,Bt,Ii4. 

Baudhi  6180. 

KewObaervatory, 
England. 

ate.  ClaireDe- 
▼ille. 

32 

beor. 

0 

0.00 

b  eor. 

0 

0.00 

b  eor. 
0 

0.00 

Temf.F. 
82 

0.0G 

Ten^.F. 

32 
35 
40 
45 
60 
65 
60 
65 
70 
75 
80 
85 
90 
85 

beor. 

0 

0.0 
0.0 
0.0 

-ho.i 

+  0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Temg.r. 

beor. 

0 

38.8 

+6.02 

44.1 

+  0.05 
+  0.04 
4-0.06 
--  0.02 
4-  0. 02 
0.00 
-  0.03 

49.7 
56w5 

-  0.01 
0.00 

-  0.06 

+  0.02 

0.00 

-  0.02 

48.7 
57.6 

-1-0.07 

-fo.o» 

62.1 

60.8 

±0.02 

68.0 

66.7 
75.8 
84.7 

-fo.a7 

-H.08  ' 
+0.06 

75.6 

M.4 

1 

02.0 

0.00 

-  0.07 

-  0.05 

03.8 

+0.06 

.-...-.  1 

0L4 

±0.08 

1 

THERMOMETER  HORIZONTAL. 

Table  of  b  corrrctione  of  CaeOla  21472. 

[Taken  ttom  enrres  constructed  from  preceding  table  with  the  observed  temperatoies  as 

the  corrections  as  ordinates.] 


abadaaasand 


Temperatnre, 

Bandin  6131. 

Bandin  6180. 

Kew  Obserra* 
tory. 

Mean  of 
Ai.A«,Aa.A4. 

Mean  of 
Bi,Bi,Bi,B«. 

St  Claire 
DeTille. 

0 
82 
87 

- 

- 

0 

0.00 
h  0.02 
-0.04 
-004 

-  0.04 

-ao5 
-ao2 

-  0.02 

h  aoi 

- 

0 

aoc 
haoi 

-  0.04 

-  0.06 

-  0.08 

-  0.09 
-0.08 

-  0.07 

-  0.07 

-  0.08 

-  0.07 

-  0.06 

-  0.06 

0 

0.00 

0.00 

+  0.05 

+  0.11 

-faoe 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 
0.00 

0 
0.00 

0 
0.00 

42 

47 

-  0.01 

-  0.01 

aoo 

-  0.06 

-  0.06 

+  0.02 

+  0.01 

0.00 

-  0.02 

-  ao3 

52 

57 

62 
67 

±  0.02 

72 

77 

-  0.01 

-  ao3 

-  U.03 

82 

87 

-  0.07 

-  0.07 

-  0.04 
-0.05 

02 

-  0.01 

±  0.08 

Bandin  6131  is  adopted  as  the  standard. 

In  the  latter  part  of  December,  1878,  cracks  were  noticed  in  the  bulb  of  Bandin  6190. 
These  gradnally  increased  in  size,  and  March  15, 1879,  apparently  admitted  air  into  the 
bulb.  Accordingly  no  resnlts  from  this  thermometer  enter  into  the  final  oorrectionB 
derived  for  the  other  thermomet-ers. 

The  corrections  of  Casella  21472,  21474,  21476,  A,,  A„  A^  A4,  and  B„  B.,  B„  B^  are 
derived  ftom  the  comparisons  made  with  it  in  April  and  May.  The  corrections  of  Cas- 
sella 21473,  21475,  and  also  of  Ai,  Ag,  A3,  A^,  are  derived  from  the  comparisons  made 
between  them  and  Casella  21472  in  January,  using  the  corrections  of  Casella  21472 
^ivon  by  its  comparison  with  Bandin  6131.  These  corrections  are  given  in  the  preced- 
ing table.  For  the  corrections  of  Ai,  Ag,  Aj,  A4,  the  means  of  the  results  given  by  the 
two  series  of  comparisons  is  adopted.  In  the  table  of  comparisons  following,  only  the 
uncorrected  readings  of  the  thermometers  are  given,  except  for  Bandin  6131  and  Caaella 
21472. 
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From  these  tables  of  comparisons  the  following  tables  of  a  -f  &  corrections  of  0*- 
sella  21472,  21472^  21474,  21475,  21476,  Ai,  A3,  A»,  !«,  and  B.,  B.,  Bs,  B4,  are  made. 

a  -{-b  carrection$t  May,  1879. 


Texnperatare,  Fabr. 

a  +  6 
correction 
of  21472. 

correction 
of  21474. 

a  +  fc 
correction 
of  21476. 

a  +  b 
corrections  of 
Ai,At,A,.A4. 

correctionsof 
Bi,B.,B.,B*. 

0 
32.00 

0 

-  0.11 

-  0.06 

-  0.07 

-  0.06 

-  0.09 

-  0.09 

-  0.11 

-  0.14 

-  0.11 

0 

-  0.05 

+  ao3 

-  0.01 
+  0.01 
-0.05 

•-  0.04 

-  0.06 

-  0.09 

-  0.06 

0 

-  0.08 

-  0.03 
-0.05 

-  0.04 

-  0.07 

-  0.04 

-  0.09 

-  0.15 

-  0.10 

0 

-  0.44 

-  0.32 

-  0.32 

-  0.26 

-  0.28 
-0.25 

-  0.29 

-  a30 
-a24 

0 
—  0.42 

44.1 

—  0.30 

49.7 

—  0.28 

56.5 ^ 

62.1 

-0.24 
—  0.29 

68.0 

—  0.28 

75.6 

—  0.33 

84.4 

—  0.8« 

92.9 '. 

—  0.24 

a-^h  correoHoM,  January,  1879. 


Temperatnre,  Fahr. 

a  +  6 
correction 
of  21413. 

a  +  b 
oorreotion 
of  21476. 

a-f  6 
oorrectionaof 
Ai,Aj.Aa.A4. 

0 
32.00 

0 

-  0.05 

-  0.01 

-  a  01 
-f  0.02 
+  0.01 

-  0.03 

-  0.08 

-  0.05 

0 

-  ao5 
0.00 

-0.03 

-  0.01 

-  0.03 
-0.06 

-  0.13 

-  0.08 

0 

—  a44 

39.9 

—  0.38 

48.2 

—  0.83 

57.6 

—  0.27 

66.7 

—  0.27 

75.8 

-  0.29 

84.8 

-  0.3a 

93.8 

—  a28 

From  these  curves  of  the  h  corrections  were  made.  From  the  plotted  cnrves  the 
following  table  of  h  corrections  is  taken  for  Casella  Nos.  21472,  21473,  21474.  21475, 
21476,  and  for  the  means  of  Ai,  Aa,  A3,  A|,  and  Bi,  B2,  Ba,  B4,  the  corrections  ot  Ai,  A|, 
A3,  A4  being  the  means  taken  from  two  curves. 

THERMOMETERS  HORIZONTAL,  MAY,  1879. 

T(ible  of  h  correctums, 
iQnantities  to  be  applied  to  the  acale  readings ;  when  +  to  be  added. when  —  to  be  anbtracted.] 

DEPBNDmO  ON  BAUDIlf*B  6131 


Temperature,  Fahr. 

21472. 

21473. 

21474. 

21475. 

21476. 

Mean  of 
Ai,As,Aa»A4 

MettBof 
Bi,Bs.Bt.B« 

o 
32 

o 

0.00 
+  0.02 
+  0.04 
+0.04 
+0.04 
+0.05 
+  0.02 
+  0.02 
+0.01 
-0.01 
-0.03 
-0.03 
-0.01 

o 

0.00 
+  0.02 
+0.04 

+ao4 

+0.05 
+0.07 
+0.07 
-tO.06 
+0.04 
+0.01 
-0.02 
-0.03 
-0.01 

o 

0.00 
+0.04 
+  0.C7 
+0.06 
+0.04 
+0.06 

0.00 
+0.01 
+0.01 
-0.02 
-0.04 
-0.04 
-0.02 

o 

0.00 
+  0.04 
+0.04 
+0.02 
+0.03 
+0.04 
+  0.03 
+0.02 
+0.00 
-0.02 
-0.07 
-0.07 
-0.05 

o 

0.00 
+0.02 
+0.04 
+0.04 
+0.03 
-1-0.04 

+aoi 

+0.03 
-1-0.02 
-0.02 

-a  06 
-a  06 
-a  03 

o 

0.00 
+0.04 
+0.10 
+-0.12 
+0.14 
+0.18 
+0.17 
+0.18 
+0.17 
+9.16 
+0.14 
+0.16 
+0.19 

o 
0.0O 

37 

+0.05 

42 

+0.10 

4^ 

4-ai4 

62 

+  0.15 
4-0.18 

57 

62 

+0.13 

67 

+a]4 

72 

+0.13 

77 

+0.10 

82 

+0.09 

87 

+0.12 

92 

+0.17 

To  find  the  total  or  a  -|-  6,  corrections  of  these  thermometers  at  any  time,  add  to  the 
above  corrections  the  correction  of  the  thermometer  at  freezing  point  for  that  time. 
In  case  there  is  no  observation  of  the  freezing  point  at  the  time  the  total  correction  is 
required,  ose  an  Interpolated  value  of  the  correction  at  freezing  point,  according  to  the 
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time,  from  the  nearest  two  determinatioiLB,  one  before  and  one  after  the  time  forwiiich 
the  correction  is  wanted. 

The  following  table  contains  all  the  determinations  of  the  freezing  points  of  these 
thermometers  tnat  have  been  made. 

THERMOMETERS  HORIZONTAX,  FAHR. 

TabU  of  a  eorrecUoM, 
[Qnantities  to  be  applied  to  scale  readings  in  melting  ice.] 


Date. 

21472. 

21473. 

21474. 

21475 

21476. 

Mean  of 
A,.A,,A,,A4 

Meaner 
Bi,Bs,Ba,B4 

Lieatenant-Cokmel  Clarke,   April 
15,  1874  

o 

o 

o 

o 

o 

o 
-0.80 

-0.28 

o 
-0.28 

laentenant^^lonel  Clarke,  May  2, 
1874   .......... 

-0.24 

Kew  Obserratory,  England,  Janu- 
ary, 1875 

-ao 

+0.06 

-a  01 

0.00 
-0.04 
-0.11 

+0.1 

--0.13 

-f0.08 

f0.1 

--0.14 

-1-0.06 

-4-0.1 

--0.16 

+0.07 

-fO.1 

--0.13 

+0.08 

Detroit.  Mich.,  March,  1875 

Detroit,  Mich.,  December,  1876 

Ste.  Claire  DcTille,  Paris,  Septem- 
ber,  1876 

-0.37 
-0.40 

-0.84 
-0.88 

Detroit;  MicL',  May,  1879.' 

-0.06 

-a  05 

-0.05 

-0.08 

-a  44 

-a  42 

The  difference  in  the  reading  of  the  Casella  thermometers,  horizontal  and  yertioal,  in 
melting  ice,  is  0^.04  F.,  the  ridings  being  ^peater  when  horizontaL 

The  Ibllowing  table  contains  the  b  corrections  of  the  Geissler  thermometers,  deduced 
from  comparisons  made  with  Casella  21472,  March,  1877,  and  also  the  a  corrections,  or 
the  corrections  at  freezinc  point,  in  Jannary,  1877,  and  January,  1879.  The  corrections 
of  Casella  21472  used  in  this  reduction  are  those  determined  from  its  comparison  with 
Baudin  6131.  As  the  comparisons  of  the  Geissler  thermometer  were  made  with  Casella 
21472  vertically,  a  system  of  corrections  of  21472  was  used,  differing  from  the  foregoing 
by  a  constant  0^.04,  which  is  the  difference  between  its  readings  horizontally  ana 
vertically  in  melting  ice. 

Table  of  h  oorreotioM  of  Geissler  thermomeUrs, 

VEBTICAL. 
DRPlOfDncO  OK  BAUDDI  6181. 


*        Date. 

Temp. 

•Ko.l. 

Ko.2. 

Ko.8. 

Ko.4. 

>f«T«h,  1«77 

o 

82.0 
40.6 
50.0 
60.2 
70.2 
79.8 

o 

0  00 
-0.06 
-0.19 
-0.33 
-0.42 
-0.56 

o 

0.00 
-4-0.04 

-0.01 
-0.05 
-0.14 
-0.27 

o 

0.00 
-fO.66 

0.00 
-0.10 
-0.15 
-a  23 

o 

0.00 
—0.01 

-0.06 
-0.13 
-0.15 
-0.20 

*Angnst  1878,  Geissler  Ko.  1  waa  returned  from  the  field  with  the  graduated  scale  loose;  it  was 
refikstened.  On  this  account  an  interpolated  value  of  the  a  correction  for  No.  1  would  not  be  proper 
for  any  time  when  the  corrections  are  required  between  January,  1877,  and  January,  1879.  The  freez> 
log  point  of  No.  1  probably  changed  by  about  the  same  amount  as  the  others,  ana  a  rate  of  change 
equal  to  the  mean  change  of  the  other  three  thermometers  might  be  used  to  determine  its  a  correctiMi 
between  January,  1877,  and  January,  1879. 

a  CorrectUms, 

THBRMOMBTKBS  HORIZONTAL  Ul  MBLTDfO  ICE. 


Date. 

Temp. 

No.L      j 

No.  2. 

No.  8. 

No.  4. 

Jannary,  1877  -t,».t 

o 

82.0 
82.0 

o        1 
-0.22  1 
-0.55 

o 
-0.13 
-0.40 

o 
+0.66 
4-0.50 

o 
—0.18 

Jannary,  1879  .t..,.. 

—0.88 

Very  respectfully,  your  obedient  servant, 

Thomas  Bu^jbell, 
Assistant  Engineer,  United  States  Lake  Survey, 
General  C.  B.  Comstock, 

United  States  Engineers. 
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BEPORT   OF  THE   CHIEF  OF  ENGINEEB8. 


APPENDIX  No.  9. 

Watsb-Lbvel  Rbductioks. 

beport  of  mb.  ▲.  b.  fumt,  assistant  bnginbkb. 

Office  of  Ukited  States  Lake  Subvet, 

Detroit,  May  31,  1879. 
Sib:  I  have  the  honor  to  suhmit  the  following  report  on  the  redaction  of  water-level 
observations  made  since  June  1,  1878. 

Tri-daily  observations  have  been  made  at  ten  stations,  viz :  Biarquette  and  Sanlt 
Ste.  Marie,  on  Lake  Superior  j  Milwaakee  and  Escanaba,  on  Lake  Michigan ;  Port 
Austin,  on  Lake  Huron;  Detroit,  on  Detroit  River;  Clevelaiid  and  Erie,  on  Lake  Erie; 
Charlotte  and  Sacket's  Harbor,  on  Lake  Ontarfo. 

AT  MABQUETTE, 

Escanaba,  and  Port  Austin  the  observations  have  not  been  continuous  during  the  win- 
ter months,  owing  to  ice  and  other  obstructions. 

The  redactions  nave  been  made  in  the  same  manner  as  in  previous  years,  and  the 
plane  of  reference  for  each  lake  is  unchanged.  For  details  see  Chief  of  Engineers'  Re- 
port for  1876.  Part  III,  page  80.  The  relative  differences  of  elevation  between  the  bench- 
marks and  tne  gauge  zeros  and  check  points  were  determined  during  the  year  at  each 
station,  except  Detroit  and  Port  Austin ;  the  check  observations  at  these  two  stations 
indicate  no  cnange  in  zero  of  either  gauge. 

The  following  table  sives  the  elevations  of  zero  of  gau^  and  check  point  above  the 
respective  planes  of  rerorence  from  determinations  made  in  1877  and  1878 : 


Stattom. 

Zero  of  snage 
above  pfine  of 
reference. 

Check  point  aboTB 
plane  of  reference. 

, 

1877. 

1878. 

1877. 

1878. 

Cluttlotte 

Ftei,^ 

-0.58 
+0.18 
+L64 
-fO.67 
+2.00 

Fe$L 
-0.66 

4-0.16 
+L64 
+0  64 

'**+L26' 
4-0.83 

Ftei, 

-0.68 

+L27 
+L8S 
+L16 
-L28 

Feet 
—0.68 

SwkH'ii  Hwbor 

-fLSl 

Olftv^^limfl . , 

--0.96 

Erie 

--1.02 

Detroit 

MflirapV^ 

- 
- 

hLao 

-0.80 
-6.19 
-0.74 
-2l<i7 

•fL86 
--1.17 

Port  Austin 

R^nUftte.  Mnrie.... ', \ 

MMiiniftt4> ,  , 

-f2.12 

+11S 

At  Charlotte  the  zero  of  the  gauge  and  the  check  point  are  below  the  plane  of  ref- 
erence: at  Port  Austin  the  check  point  is  below  the  plane  of  reference. 
The  location  of  gauges  and  check  points  remain  the  same  as  last  year. 
Bench-mark  No.  3  at  Erie  has  been  washed  away. 

Self-registering  gauges  have  been  maintained  at  Marquette,  Milwaukee,  and  Port 
Austin. 

The  following  t^ble  and  graphical  curves  for  the  year  1878-^  are  oontinuationa  of 
those  in  Appendix  G  of  the  last  annual  report. 

Reports  Nos.  291,  385,  466,  816,  832,  970,  and  1011  have  been  used  in  preparing  this 
report. 

Respectfully  submitted, 

A.  R.  FuNT, 
AwiBtant  Engineer, 
(General  C.  B.  Cobcstock. 
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Mean  fnontkljf  water  leveUfor  the  9everal  $UUUm$y  imfeei  and  deeimaU,  helaw  ike  planet  of 

,  reference, 

(Continiuitioii  of  table  in  Appendix  O,  annual  report  for  1878. 


1878. 

1879. 

Stationa. 

1 

t 

i 

< 

1 

1 

1 

1 

1 

•^ 

1 

1 

I 

t 

ChftTlott^  , .  ,,     .  ...... 

L88 
LOS 
L84 
L82 
L42 
2.10 
2.24 
2.84 
8.13 
3.26 

L06 
L34 
L80 
1.88 
2.15 
2.18 
2.27 
3.02 
8.18 

2.02 
LW 
L58 
L54 
L55 
2.47 
2.43 
2.41 

ao« 

8.80 

2.17 
2.18 
L71 
L68 
1.65 
2.67 
2.62 
2.78 
8.35 
8.47 

2.60 
2.51 
2.06 
L91 
L96 
2.78 
2.65 
2.86 
8.23 
3.40 

2.63 
2.68 
2.26 
2.11 
2.13 
2.91 
2.M 
2.96 
3.32 
a60 

L96 
2.00 
2.18 
L64 
L76 
8.23 
3.15 
8.14 
3.54 
3.92 

2.18 
2.06 
2.60 
2.21 
2.68 
a54 

2.82 
2.86 
2.74 
2.65 
a68 
3.53 

2.50 
2.60 
2.71 
2.56 
2.89 
a49 

2.24 
2.19 
2.35 
2.17 
2.49 
3.50 

a5i 

a  70 
4.45 
a96 

2.08 

8tt<^k'>t*tt  Harbor 

2.06 

Cleveland 

2.90 

Srie 

2.12 

Detroit 

2.88 

Mttwaakee 

a87 
a88 

PortAoetin 

a36 
a94 

a  51 

8Mlt  Ste.  Marie 

4.34 
8.86 

4.68 

8.56 

4.08 
4.81 

APPENDIX  No.  10. 

Results  of  Sand  Wave  and  Sediment  Observations. 

repobt  of  mr.  j.  b.  johnson,  assistant  engineer. 

Detroit,  Mich.,  June  30, 1879. 

Sir  :  I  have  the  honor  to  anbinit  the  following  report  of  work  done  by  the  perma- 
nent party  on  the  lliBsissippi  River  fh>m  March  lO  to  Jane  23, 1879 : 

The  organization  of  the  partv  was  as  follows :  J.  B.  Johnson,  assistant  engineer ; 
W.  M.  Cmlds,  recorder ;  Edward  Rickitts,  leadsman ;  a  cook,  and  four  boatmen.  Ad- 
ditional boatmen  were  employed  when  needed. 

The  party  was  organized  near  Peters  Landing,  Ark.,  on  March  10,  and  was  Quar- 
tered on  the  United  States  survey  boat  Pioneer.  The  boat  was  allowed  to  drift  aown 
the  river  to  a  point  immediately  opposite  Helena,  on  the  Mississippi  shore,  where  it 
arrived  on  the  11th. 

I.— character  of  work. 

According  to  instructions  received  from  Lieut.  D.  W.  Lockwood,  Corps  of  Engineers, 
the  work  of  the  par^  was  to  consist  of— 

1.  The  sounding  of  five  lines  across  the  river  at  Helena  and  five  lines  at  Trotters  (a 
landing  3  miles  above  Helena)  every  15  da^s,  or  for  every  five-foot  change  of  river  sur- 
face, if  such  change  should  occur  in  less  time. 

2.  Daily  sediment  observations. 

3.  Velocity  measurements  with  mid-depth  floats  and  determinatiou  of  river  slope. 

4.  Daily  gauge-readings. 

The  soundings  were  to  determine  what  relative  changes,  if  any,  occurred  in  the 
river  bottom  in  the  deep  water  at  Trotters  and  in  the  shoal  water  at  Helena,  for  vary- 
ing sta^  of  river  surface. 

The  lines  at  Helena  were  sounded  9  times,  and  those  at  Trotters  8  times. 

River  discharge  and  river  slope  were  to  be  determined  on  two  days  at  Mghest  water, 
and  on  two  days  at  lowest  water.  These  instructions  were  afterwards  modified,  and 
these  determinations  were  ordered  to  be  made  every  ten  days. 

Velocity  measurements  were  taken  and  discharge  computed  on  five  days,  lines  4  and 
6  of  the  Helena  sections  being  used  for  that  purpose. 

The  river  slope  was  found  on  9  days,  5  of  which  correspond  with  the  dates  of  river 
discharge  determinations. 

Gauge-readings  and  sediment  observations  were  made  daily. 

Longitudinal  lines,  mostly  in  shoal  water,  were  sounded  on  16  days,  between  May  7 
and  June  17. 

Bench  marks  were  established  in  the  vicinity  of  all  water  gauges  and  properly  con- 
nected in  duplicate  with  the  precipe  bench-marks  and  reference  points  established  by 
Assistant  L.  L.  Wheeler. 
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1.  Soundings^—The  five  lines  to  be  sounded,  both  at  Helena  and  at  Trotters,  were 
located  in  December,  1878,  They  were  100  meters  apart  at  each  place,  except  lines  3 
and  4  of  the  Helena  sections,  which  were  120  meters  apart.  They  were  marked  by 
posts  set  a  few  meters  from  each  bank,  and  these  posts  were  located  by  Assistant  Ock- 
erson- s  trianffulation.  At  Trotters,  however,  the  Mississippi  shore  has  a  caving  bank, 
and  on  March  12  these  sounding  stations  were  all  gone.  Several  of  Mr.  Ockerson's 
triangulation  stations  had  also  been  washed  away  by  the  January  rise.'  To  supply  the 
necessary  stations  from  which  to  observe  the  soundings  and  to  relocate  the  stations  at 
Trotters  I  found  it  necessary  to.  retriangulate  about  4  miles  of  the  river.  The  length 
of  the  section  lines  at  Tretters  is  2,400  meters ;  at  Helena  they  are  1,400  meters  long. 
At  Trotters,  however,  they  cross  Middle  Bar,  which  is  entirely  covered  only  at  flood 
stage.  Stations  were  located  on  this  bar  on  the  several  lines.  Range  poles  about  30 
feet  high,  having  a  small  white  flag,  were  set  about  100  meters  back  of  each  sounding 
station. 

Two  instruments  were  used  on  shore  to  intersect  on  the  soundinff-boat,  until  it  was 
found  that  one  was  sufficient.  All  soundings  at  hi^h  stage  and  tnose  in  the  deepest 
water  at  Trotters  at  low  stage  were  taken  by  allowing  the  boat  to  drift  with  the  cur- 
rent down  across  the  lines.  In  order  to  get  the  soundings  properly  spaced,  when  they 
were  taken  in  this  way  an  additional  Tine  was  estabushed  by  means  of  posts  and 
ranges  50  meters  above  the  first  section  line,  and  the  boat  flagged  to  its  position  on 
this  line  by  the  observer  on  shore.  These  downstream  lines  were  made  to  be  alK>ut 
70  meters  apart,  so  that  successive  soundings  on  each  section-line  were  separated  by 
that  interval.  At  low  stage  the  Helena  sections  and  the  shoal  water  at  Trotters  were 
sounded  by  pulling  the  boat  directly  across  the  river,  keeping  it  on  line,  soundings 
being  taken  every  naif  minute.  This  made  the  successive  souudin^s  about  35  meters 
apart.  When  sounding  by  downstream  lines  a  flag  was  dropped  in  the  boat  at  the 
instant  the  leadsman  reached  the  range,  he  calling  '*tick,''  and  the  x>ointing  taken 
and  line  read.     When  sounding  across  the  river  every  miunt'e  sounding  was  nagged. 

The  lead-line  was  always  read  to  tenths  of  a  foot.  It  was  carefully  tested  both 
before  and  after  each  set  of  soundings,  it  being  thoroughly  soaked  at  each  testing.  A 
23-pound  lead  was  used  for  all  soundings  after  April  1. 

For  the  Helena  sections  the  reading]  on  gauge  1  at  the  quarter-boat  were  taken, 
from  which  to  determine  elevation  of  nver  surface.  This  gauge  was  250  meters  above 
the  first  section  line.  At  Trotters  a  temporary  gauge  was  set  on  each  ^de  of  the  river 
on  every  day  when  those  sections  were  sounded. 

Two  leads,  with  100  feet  of  line  attached  to  each,  were  lost  on  line  2  at  Trotters  on 
the  first  attempt  to  sound  those  sections.  The  bottom  was  full  of  trees  which  had  re- 
cently caved  into  the  river.  The  lead  caught  on  these  and  it  was  found  impossible  to 
remove  it  or  to  break  the  line.  It  was  not  considered  safe  after  that  to  sound  lines  1 
and  2  at  Trotters  within  300  meters  of  the  Mississippi  shore. 

The  shore-line  at  Trotters  was  run  on  June  11  to  determine  the  extent  of  the  caving 
there.  It  was  found  to  have  caved  from  40  to  120  meters  after  Mr.  Ockerson  ran  it  in 
the  December  previous. 

2.  Sediment  observations. — Specimens  of  water  were  taken  daily  from  the  surface  and 
from  a  foot  above  the  bottom,  at  points  one-quarter  and  three-quarters  of  the  distance 
across  the  river.  The  two  surface  specimens  were  put  into  one  vessel,  and  the  two  bot- 
tom specimens  in  another.  Arriving  on  shore  each  was  thoroughly  shaken  and  a  given 
quantity  measured  out  and  nut  into  jars  marked  "Surface ''  and  "Bottom,"  respectively. 
When  five  days'  specimens  had  been  put  into  one  set  of  jars  they  were  allowed  a  week 
or  more  to  settle.  After  the  water  had  become  quite  clear  it  was  siphoned  off",  and 
the  sediment  filtered.  An  ordinary  filter-paper  was  used  at  first,  but  it  was  found  to  be 
not  very  reliable,  and  "Munktells"  paper  was  used  exclusively  afterward.  Two  pa- 
pers were  made  of  exactly  equal  weight,  the  scales  weighing  readily  to  a  milligramme, 
and  the  filtering  done  through  both  of  them.  Care  was  taken  not  to  touch  the  papers 
with  the  hand  m  cutting  and  weighing,  as  the  moisture  absorbed  by  a  momentary 
contact  was  quite  sensible.  The  papers  were  usually  dried  by  a  slow  fire  in  an  open 
stove  oven,  sometimes  in  the  sun.  When  thoroughly  dry,  they  were  carried  at  once 
to  the  scales  and  their  difference  of  weight  determined.  This  difference  was  taken  as 
the  weight  of  sediment.  The  two  papers  that  belonged  to  a  single  specimen  were 
then  put  together  in  a  separate  envelope  and  carefully  laid  away  in  the  desk.  Nu- 
merous subsequent  weighings  were  made  of  each  set  of  papers  at  intervals  of  several 
days,  but  these  weights  were  not  used  in  the  final  reduction,  as  the  weight  of  sedi- 
ment thus  obtained  was  uniformly  from  2  to  4  per  cent,  greater  than  the  weight  ob- 
tained immediately  after  drying. 

The  sediment  work  was  done  in  a  tent  erected  on  shore  for  that  purpose.  The 
scales  were  mounted  on  a  post  set  firmly  in  the  ground,  and  entirely  free  from  the  t«nt 
floor. 

It  soon  became  apparent  that  the  bottom  specimens  contained  too  much  heavy  sand, 
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bat  it  was  not  till  April  8  that  I  found  time  to  examine  the  matter  thoroughly, 
can  famished  me  for  obtaining  water  from  the  bottom  of  the  river  was  made  of  i 
copper,  cylindrical,  12  inches  high,  4  inches  in 
diameter.  There  were  two  valves,  one  at  top  and 
one  6  inches  from  the  top,  both  opening  up.  A 
concentric  ring  of  lead  was  molded  upon  the  in- 
side at  bottom  to  sink  it,  leaving  an  opening  2^ 
inches  in  diameter  for  the  passage  of  water  into 
and  through  the  upper  chamber,  which  was  4 
inches  in  diameter.  When  this  can  would  strike 
the  bottom  it  would  incline  downstream,  and  the 
current  would  instantly  force  more  or  less  of  the 
sand  from  the  bottom  into  the  upper  chamber, 
from  which  the  specimen  of  water  was  taken. 

It  would  seem  that  the  requirements  of  a  good 
sediment  apparatus  are— 

1.  That  at  any  desired  point  it  should  contain 
within  it  a  fair  specimen  of  the  water  which  then 
immediately  surrounds  it. 

2.  That  while  it  remains  at  this  point,  the  con- 
tents of  the  vessel  should  remain  undisturbed. 

3.  That  it  should  bring  its  contents  securely  to 
the  surface. 

To  fulfill  the  first  requirement,  the  vessel  would 
have  to  be  sunk  empty  and  opened  at  the  desired 

g>int,  or  else  it  must  Be  open  for  its  entire  hor- 
ontal  cross-section  in  sinking.  The  first  is  im- 
practicable^ frx>m  the  great  pressure.  The  second 
can  be  realized.  If  the  passage  for  the  water  is 
not  the  entire  cross-section  of  the  retaining  vessel, 
the  water  it  contains  is  constantly  a  mixture  of 
water  from  all  depths  above  it,  as  was  the  case  in 
the  can  above  described.  It  was,  however,  a  total 
failure  in  the  second  requirement,  which  made 
the  can  woithless. 

On  April  8, 1  attached  a  small  tin  can,  called 
"test  can,**  to  the  side  of  the  copper  can  pre- 
viously used,  which  I  thought  would  fulfill  all 
the  essential  conditions.  It  worked  so  satisfac- 
torily, and  proved  so  conclusively  the  worthless- 
ness  of  the  copper  can,  that  I  asked  and  received 
permission  to  have  a  pnermanent  one  made  em- 
Dodying  the  same  principles.  This  improved  eed- 
iment-can  (Fig.  I)  was  first  used  on  April  20,  The 
excellent  results  obtained  by  it  att^  its  merits. 
The  ]  ids  a  a  can  be  drawn  together  by  greater  or 
less  force  by  increasing  or  diminishing  the  num- 
ber of  rubber  bands  on  the  open  eyes  e  e.  These 
bands  were  always  loosened  from  one  of  the  eyes 
when  the  can  was  not  in  use,  in  order  not  to 
weaken  their  elasticity. 

Previous  to  April  25  the  daily  Bi>ecimens  of 
water  were  measured  out|  after  that  they  were 
weighed.  There  is  a  practical  difficulty  in  meas- 
uring out  a  given  (quantity  of  water  which  con- 
tains a  sediment  which  settles  rapidly,  and  obtain 
a  fair  sample  of  the  mixture.  When  the  water 
was  weighed  it  was  taken  from  a  tin  can,  by  an 
aperture  f  inch  above  the  bottom,  while  the  water 
was  kept  in  violent  agitation. 

3.  VetoHty  measurements, — ^The  methods  used  in 
this  work  were  virtually  those  described  in 
Humphrey's  and  Abbott's  Report  on  the  Missis- 
sippi Kiver.  Lines  4  and  5  of  the  Helena  sections  , 
were  selected  on  which  to  observe  the  floats.  ^ 
They  were  100  meters  apart.  The  two  lines  were 
sounded  on  the  days  wnen  velocities  were  deter- 
mined. 

For  computing  the  discharge,  the  cross-section 
was  divided  into  one  more  parts  than  there  wereC 
t  stations,  the  points  of  division  being  at 
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these  stations.  The  mean  of  the  mid-depth  velocities  at  the  two  sides  of  a  division 
was  taken  as  the  mid-depth  velocity  of  tnat  division.  For  the  outside  divisions  the 
mean  mid-depth  velocity  was  taken  as  ei^ht-tenths  of  that  velocity  at  the  first  float- 
station  fh>m  snore.  The  mean  of  the  division  areas  on  the  two  section  lines  was  taken 
as  the  area  of  that  division. 

The  submerged  floats  consisted  of  two  tin  cylinders,  15  inches  high,  concentrically 
fixed,  the  outer  one  10  inches  and  the  inner  one  8  inches  in  diameter.  This  left  an 
annular  space  of  1  inch  in  thickness  between  the  cylinders.  The  water  was  allowed 
access  to  the  lower  12  inch  of  this  space,  the  upper  3  inches  being  closed  and  filled 
with  air.  The  float  would  then  barely  sink  of  its  own  weight.  A  three-pound  lead 
weight  was  fastened  to  cross- wires  at  the  bottom.  The  suspending  cord,  which  was 
woven  cotton,  0.04  inch  in  diameter,  wae  fastened  to  cros9-wires  at  the  center  of  the 
float.  The  air  in  the  upper  part  of  tne  float  and  the  weight  at  bottom  wonld  strongly 
tend  to  maintain  the  float  in  a  vertical  position. 

The  surface  floats  were  oblate  ellipsoids,  made  of  sine,  horizontal  diameter  10  inches, 
vertical  diameter  3}  inches.  A  weight  of  three  pounds  submeiged  them  to  the  center. 
They  carried  small  flags  at  top. 

4.  Biver  «?op0.— This  was  usually  obtained  by  4  hours'  simultaneous  readinf^s  (read- 
ing taken  every  15  minutes)  on  gauges  4, 1,  and  5,  placed  respectively  at  triangulation 
station  37, 1,110  meters  below,  at  the  quarter  boat  ((20  meters  above,  and  at  triangu- 
lation station  33,  1,960  meters  above,  a  point  midway  between  the  section  lines  u»ed 
for  velocity  measurements.  The  gauges  were  carefully  connected  in  duplicate  with 
their  corresponding  bench-marks  on  the  days  when  river  slope  was  determined.  It  is 
thought  the  error  m  the  elevation  of  the  xero  of  the  gauge  was  never  more  that  0.01 
foot 

5.  Daily  gauge-reading, — Gauge  1  was  read  daily  at  7  a.  m.,  13  m.,  and  at  6  p.  m. 
All  ^uges  were  boards  painted  white  and  ffraauated  in  black  to  half-tenths  of  m 

foot.    They  were  securely  fastened  to  stakes  £iven  firmly  into  the  ground,  and  were 
.  frequently  tested  for  elevation  of  xero. 

in.— RK8ULT8. 

1.  Soundinge  on  section  Une9.^-The  results  of  all  section-line  soundings  are  shown  on 
the  combined  profile  sheets.  No  n«at  changes  occurred  at  either  Trotters  or  Helena. 
The  small  and  apparently  erratic  changes  shown  on  the  Helena  sections  could  onfy 
be  satisfactorily  explained  by  supposing  the  bottom  of  the  river  there  to  consist  of 
waves^  whose  axes  bore  a  certain  angle  to  the  section  lines,  and  that  these  waves  had 
a  motion  downstream.    This  proved  to  be  the  case. 

2.  Soun^ngs  on  longitudinal  lme»» — On  May  7 1  commenced  sounding  longitudinal  lines 
from  a  point  2,000  meters  above  the  Helena  sections  to  a  point  1,000  meters  below 
them.  Two  such  lines  wonld  be  sounded  on  the  same  day,  near  the  middle  of  the 
river,  fit>m  100  to  300  meters  apart,  and  repeated  every  three  to  five  days.  The  boat 
was  allowed  to  drift  with  the  current,  the  lead  to  remain  near  the  bottom,  and  sound- 
ings taken  every  15  seconds.  This  made  the  soundings  from  20  to  25  meters  apart. 
A  naff  was  shown  in  the  boat  at  every  minute  sounding,  and  the  position  of  the  leads* 
man  located  by  two  instruments  favorably  placed  on  shore.  The  soundings  were  then 
plotted  in  both  plan  and  profile.  Effort  was  made  to  have  the  two  lines  of  successive 
soundings  to  coincide,  as  nearly  as  possible,  with  those  of  previous  soundings.  All 
lines  in  plan  were  copied  on  a  sheet  of  tracing  linen.  Whenever  two  were  found  to 
ooincide  in  position  tneir  profiles  at  this  point  could  be  compared.  A  line  was  drawn 
from  triangulation  station  35  at  right  angles  to  the  current,  and  called  tkr^erenee  line, 
on  which  to  arrange  the  profiles  for  comparison.  If  the  axes  of  the  waves  were  right 
lines  and  parallel  to  this  reference  line,  profiles  of  diffSereut  dates,  when  arranged  on 
this  line,  might  be  compared  for  motion  of  wave,  though  they  should  not  coincide  in 
plan.  Unfortunatoly,  neither  of  these  conditions  seemed  to  be  fulfilled,  so  that  only 
those  lines  and  parts  of  lines  which  very  nearly  coincided  in  plan  could  be  safely  used 
to  determine  the  motion  of  the  waves.  The  prominent  waves  shown  by  the  first  day's 
soundings  were  numbered ;  afterward  portions  of  one  or  both  lines  would  usually  coin- 
cide closely  with  some  previous  line,  and  by  comparing  these  parts  of  the  profiles  the 
waves  here  could  be  clearly  indentified,  provided  too  long  a  tune  had  not  elapsed  be- 
tween the  soundings.  The  remainillg  waves  on  the  new  line  could  then  be  safely- 
numbered  from  theu*  mlation  to  the  waves  that  had  been  thus  identified.  Longitnm- 
nal  lines  were  sounded  over  as  nearly  as  possible  the  same  portion  of  the  river  on  May 
7,  9,  13,  16,  19,  26,  30,  Jnne  4,  9,  IS,  ^^^^  I^*  On  plate  I  is  shown  a  portion  of  seven  of 
these  lines  in  plan  and  section.  Waves  9,  10, 11,  13,  and  17  had  oeen  continuously 
identified,  with  the  exception  of  wave  9  on  the  last  three  lines,  whi6h  is  somewhat  un- 
certain. It  may  be  an  entirely  new  wave.  The  datum  planes  of  these  sections  have 
been  arranged  on  the  reference-line,  according  to  the  date  of  the  soundings.    Dotted 
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liuefl  are  drawn  joining  the  several  positions  of  the  same  wave,  which  lines  show  the 
rate  of  movement  of  the  waves  downstream. 

From  all  the  oheervationtf  that  have  been  made  the  following  facte  may  be  stated 
concerning— 

jS€md  waves  at  Selena, 

Average  length  of  waves  from*  crest  to  crest,  abont  100  meters. 

Extreme  length  of  waves  from  crest  to  crest,  abont  150  meters. 

Average  hei^t  of  waves  fit>m  crest  to  valley,  about  5  feet. 

Extreme  height  of  waves  from  crest  to  valley,  about  8  feet. 

Average  velocity  of  motion  of  crest,  5.41  meters  per  day. 

These  results  were  obtained  in  a  depth  of  water  varyingfrom  13  to  90  feet.  The 
stage  of  river  varied  from  12  to  18  feet  above  low-water  at  Helena. 

The  waves  decrease  in  size^for  a  falling  river  and  vice  tersa.  Their  rate  of  motion 
down  stream  is  a  fonction  of  the  velocity  of  the  water.  They  do  not  extend  from  bank 
to  bank  at  Helena,  but  disappear  about  300  meters  from  each  shore,  covering  about 
1,000  meters  of  the  cross-section  of  the  river. 

3.  Sediment  ohservoHana.-^The  following  table  contains  the  results  of  the  sediment 
observations.  It  will  be  noticed  that  the  ratio  of  the  bottom  to  surface  proportions  of 
aediment  v«ry  almost  uniformly  after  the  improved  apparatus  was  used. 
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4.  Velocity  measHremenL — ^Tlie  meau  velocity  of  the  river  and  the  amount  of  the  dis- 
charge were  computed  from  the  mid-depth  velocities  by  the  following  formnla.%  taken 
from  Humphrey  and  Abbot's  Report  on  the  Missimippi  River: 

Vm  =  ViD-T4(bv)Hi 
Q  =  av=[a'Vn,] 

b=     -    >^-- 

Where 

Vm  =  mean  velocity  in  any  vertical  plane  in  feet  i>er  second. 
Vi  D  =  mid-depth  velocity  in  any  vertical  plane  in  feet  per  second. 
v  =  meau  velocity  for  the  entire  crosd-sectiou  in  A)et  jier  second. 
D  =  mean  depth  of  the  division. 
a=  area  of  tne  entire  cross-section  in  square  feet, 
a',  ak"f  &c.  =  area«  of  the  divisionsi 

Q  =  quantity  of  water  discharged  in  cubic  feet  per  second. 
[        ]  =  sign  of  summation. 
The  following  is  a  table  of  the  results : 


Date. 


1879. 

April  4 

Iljfcyl2 

May  22 

JnneS 

June  13 1 


tb-S 

iu 

?oSq 

"S!      1 

^^^ 

CM 

»M»* 

ei<fi 

®>fe 

c*       ' 

nu 

B§     t 

il  §^         , 

cc 

>'^ 

F«eL 

33.2 

4.2836 

728,543 

18.3 

3.2297 

304.672 

14.4 

8.5660 

281,601 

14.2 

3.6683 

294,868 

18.3 

3.8822 

385,531— 

5.  Siver  slope. — The  following  table  embodies  the  results  of  all  observatiouK  for  river 
alope: 


.    o 

Fall. 

Date. 

umber  ol 
multane 
readings. 

A  33— G.  1. 

G.  1.  — A87 

A  33—  A  37 

Remarks. 

l>lHt. = 

DiM.= 

I>l8t  = 

1340-. 

1730-. 

3070-. 

-X 

?=;         1 

1879. 

1 

Feet 

Feet. 

Feet. 

March  31  ... . 

33.2 

8 ; 

0.209 

0.408 

0.608 

ApriU 

I£»yl2 

33.2 
16.3 

8  , 

»  1 

0.375 
0.726 

0.272 

0.999 

Wind  4  milen  per  hour 

up-stream. 
Still. 

May  20 

14.4 

0 

0.402 

0.557 

0.959 

May  21 

14.4 

16 

.    0.392 

0.671 

1.063 

Wind  4  to  6  miles  per 
hour  down-8tn>aia. 

May  22 

14.4 

16  1 

0.410 

0.553 

0.963 

Wind  per  hour  down- 
stream. 

May  24 

14.1 

17 

0.399 

0.556 

0.955 

June  3 

14.2 

17 

0.368 

0.599 

0.967 

Wind  4  miles  per  hour 
down-stream. 

June  13 

18.3 

16 

0.249 

0.478 

0.727 

Still. 

6.  Daily  gauge-readings. — The  results  of  the  daily  gauge-readings  are  shown  by  tlio 
curve  of  oscillations  on  Plate  I. 

Much  of  the  care  and  rapidity  with  which  most  of  th©  work  was  done  is  due  to 
Recorder  W.  M.  Childs. 

On  June  21  the  quarter-boat  was  towed  to  Memphis  by  the  steamer  Mike  Davis,  and 
the  party  was  disbanded  on  the  23d. 

Very  respectfully,  your  obedient  servant, 

J.  B.  Johnson, 
A 88ista It  t  Engineer. 

Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers. 
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APPENDIX  No.  11. 
Charts. 
1.— List  of  pubushed  lake-survey  charts,  Junk  30,  1879. 


Name  of  chart.  Scale. 

I 


1  LakeErie 1-400,000  t    1852 

2  Weat  end  Lake  £rie 1-120,000  1852 

3  Kellevs  and  Baaa  lalanda,  Lake  Erie 1-50,000  1852 

4  Straita  of  Mackinac 1-120.000  1856 

5  !  East  Neebish  Rapida,  Saint  Mary's  River !  1-15,000  1854 

6  I  Sarinaw  River I  1-10,000  186« 

7  I  sSnt  Clair  Flats 1-32.000  ,    1857 

8.  BoinUo  Harbor t  1-30,000  1857 

9  Tawas  Harbor  Lake  Huron 1-16,000  1857 

10  Beaver  iHland  Gronp,  Lake  Michif^an '  1-120,000  1855 

11  Eaffle  Harbor,  Lake  Superior I  1-500,000  1858 

12  Agate  Harbor.  Lake  Superior 1-10,000  1858 

13  River  Saint  Marie,  No.  1.... 1-40,000  1858 

14  River  Saint  Marie,  No.  2 1  1-40,000  1858 

15  Maomee  Bay,  Lake  Erie 1-30,000  1858 

16  Eagle  River,  Lake  Supi-rior ,.-..^.,» ;  1-10,000  185» 

17  Ontonagon  Harbor,  Lake  Superior 1-16,000  1859 

18  Saginaw  Bay,  Lake  Huron 1-120,000  1880 

19  Thnnder  Bay.  Lake  Huron 1-40.000  1860 

20  Marqnette  Harbor.  Lake  Superior 1-50,000  1860 

21  Preatjue  LUe  and  Middle  laland,  L«V«  3urpn 1-40.000  1800 

22  LakeHurun 1-400.000  1860 

23  South  end  Lake  Huron ;:.. '  1-120,000  1861 

24  Grand  Island,  Lake  Superior |  1-25,000  1862 

25  West  end  Lake  Superior 1-32,000  1863 

26  Orand  and  Little  Traverse  Bays,  Lake  Michigan ;  1-120,000  1863 

27  North  end  Green  Bay.......: '..'. 1-120,000  1864 

28  Copper  Harbor,  Lake  Siiperior '  1-10,000  1866 

29  L' A nse  and  KeweenawvBay,  Lake  Superior '  1-30,000  1866 

30  PortageLakeandRlver..! 1-30.000  1866 

31  Lake  Superior.  No.  1 j  1-400,000  1872 

32  I  Lake  Superior.  No. 2 ;  1-400.000  1870 

33  North  end  Lake  Michigan 1-400.000  1867 

34  Huronlshmd •  1-30,000  1869 

36  South  end  Gn^m  Bay *.-.. 1-120,000  1864 

36  Lake  Superior,  No. 3 1-400,000  1873 

37  Saint  Clair  River ,  1-40.000  1872 

38  Isle  Royale,  Lake  Superior. I  1-30.000  1872 

39  Mouth  of  Detroit  River i  1-20.000  1874 

40  City  of  Chicago 1-20,000  1874 

41  Lake  Saint  Clair 1-60,000  1874 

42  '  Saint  Lawrence  River.  No.  1  1-30,000  1874 

43  SanduskyBay 1-20,000  1874 

44  Saint  Lawrence  River,  No. 2 1-30,000  1875 

45  Saint  Lawrence  River,  No. 3 1-30.000  1875 

46  Saint  Lawrence  River,  Na 4 1-30,000  1876 

47  Sand  BeAch  Harbor  of  Refuge.  Lake  Huron 1-8,000  1876 

48  Niagara  Falb ,  1-10,000  1876 

49  Saint  Lawrence  River, No. 5 j  1-30,000  1876 

50  South  end  Lake  Michigan 1-400.000  1876 

51  Coast -chart  No.  5,  Lake  Michigan ■  1-80,000  1876 

52  Coast-chart  No. 3.  Lake  Michigan ,  1-80.000  1876 

53  Saint  Lawrence  River. No. 6 ,  1-30,000  1876 

54  Coast-chart  No. 2,  Lake  Michigan ,  1-80.000  1877 

55  Coa«t<hart  No.  1,  Lake  Michigan i  1-80.000  1877 

56  Detroit  River 1-40.000  1876 

57  I  Coast-chart  No. 6, Lake  Michigan 1-80,000  1877 

58  Coasi-chart  No.  7,  Lake  Michigan 1-80.000  1877 

59  I  ('>oast-chart  No. 4.  Lake  Michigan 1-80.000  1877 

60  Coast-chart  No.  1,  Lake  Ontario : I  1-80.000  1877 

61  LckeOnUrio 1-400,000  1877 

62  Coast-chart  No.  9.  Lake  Michigan ,  1-80.000  1878 

63  Coast-chart  No.  8,  Lake  Michigan 1-80.000  1878 

64  Coast-chart  No. 2.  Lake  Ontario 1-80,000  1878 

65  "  ■      ^'    -  -    -     ^  I 
66 
67 
68 


Coast-chart  Na 3. Lake  Ontario J  1-80,000  1878 

Coast-chart  No.  4.  Lake  Ontario ',  1-80.000  1878 

Coast-chart  No.  5.  Lake  Ontario i  1-80.000  1878 

Coast-chart  Na2,lAkeErie ,  1-80,000  1879 

60  I  Coast-chart  No. 3,  Lake  Eric l-«0.000  1879 
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2.— LIST  OF  PUBLISHED  MISSISSIPPI  RIVBR  CHARTS,  JUNE  30,  1879. 


Name  of  chart. 


Scale. 


Mississippi  River,  vicinity  of  Cairo,  111 

Mississippi  River,  vicinity  of  Cairo.  lU , 

Mississippi  River,  vicinity  of  Cairo,  HI 

Mississippi  River,  vicinity  of  Memphis,  Tenn 
Mississippi  Kiver,  vicinity  of  Memphis,  Tenn 
Mississippi  River,  vicini^  of  Memphis,  Tenn 
Mississippi  River,  vicinity  of  Memphis,  Tenn 
Mississippi  River,  vicinity  of  Memphis,  Tenn 
Mississippi  River,  vicinity  of  Mempliis,  Tenn 


1-10,000 
1-10, 000 
1-10.000 
1-10, 000 
1-10, 000 
1-10, 000 
1-10,000 
1-10,000 
1-10, 000 


1878 
1878 
1878 
1878 
1878 
1878 
1878 
1878 
1878 


3.— TABLE  SHOWING  THE  ANNUAL  ISSUE  OF  CHARTS  OF  THE  NORTHERN  AND  NORTH- 
WESTERN LAKES. 

Prior  to  October  1, 1857 2,500 

October  1, 1857,  to  October  1,  1858 1,675 

October  1,  1858,  to  October  1,  1859 2, 600 

October  1, 1859,  to  October  1,  1860 4,890 

October  1,  1860,  to  October  1,  1861 • 3,254 

October  1,  1861,  to  October  1,  1862 5,245 

October  1,  1862,  to  October  1,  1863 , 4,084 

October  1,  1863,  to  October  1,  1864 3,283 

October  1,  1864,  to  October  1,  1865 2,589 

October  1,  1865,  to  July  1,  1866 2.082 

July  1, 1866,  to  July  1,  1867 5,464 

July  1, 1867,  to  July  1,  1868 6, 354 

July  1,  1868,  to  July  1,  1869 5,634 

July  1,  1869,  to  July  1,  1870 4,597 

July  1,  1870,  to  July  1,  1871 5,328 

July  1, 1871,  to  July  1,  1872 3,649 

July  1,  1872,  to  July  1,  1873 6,546 

July  1,  1873,  to  July  1, 1874 7,701 

Julyl,  1874,  to  July  1,  1875 5,039 

July  1,  1875,  to  July  1,  1876 4,101 

July  1,  1876,  to  July  1,  1877 3,156 

Julyl,  1877,  to  June  1,  1878 6,623 

June  1,  1878,  to  July  1,  1879 4,499 

♦.—LIST  OF  TRACINGS  FURNISHED  TO  PARTIES  FROM  JULY  1,  1878,  TO  JUNE  30,  1879. 


Name. 

Date. 

(LocaUty. 

M^.  J.  M  Wlhwn.  Corps  of  Engineers 

Maj.  D.  C.  Houston,  Corps  of  Engineers 

March  14.  1879 

May  6, 1879 

Brie  Harhor^a. 
Vicinity  of  Waukegan,  Dl. 
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EEPORT  OF  LIEUTEJTANT  COLONEL  G.  EL  WARREN,  CORPS 
OF  ENGINEERS,  ON  MAPS  OF  CAMPAIGNS  AND  BATTLE- 
FIELDS. 

United  States  Engineee  Office, 

Newport^  R.  J.,  September  29, 1879. 

General:  I  have  the  honor  to  transmit  herewith  a  report  on  the 

^^  maps  of  campaigns  and  battlefields." 

•  •  •  •  •  •  • 

Very  respectftdly, 

G.  K.  Waeren, 
Lieut.  Col  ofUngiiieerSy  Bvt.  Maj.  Oen.y  U.  S.  A. 
The  Chief  of  Engineers,  U.  S.  A, 


REPORT. 


At  the  date  of  the  last  annual  report  the  survey  of  the  battlefield  of 
August  28,  29,  and  30, 1862^  near  Groveton  and  between  Bull  Run  and 
Bn^  Run,  Virginia,  was  m  progress,  and  as  a  means  of  making  it, 
$1,000  had  been  allotted. 

In  order  to  furnish  information  for  the  use  of  the  board  of  which  Gen- 
eral Schofield  was  president,  the  field-work  was  suspended  as  soon  as 
the  most  important  part  of  the  field  had  been  covered,  and  a  map  rapidly 
prepared,  which  was  submitted  in  evidence  before  the  board  at  West 
Point  July  8, 1878. 

Up  to  this  time  but  little  more  than  half  the  money  allotted  had  been 
expended,  and  it  was  my  intention  to  return  to  the  field  and  extend  the 
work^  but  the  great  demand  for  copies  of  the  map  for  use  on  the  inves- 
tigation and  the  necessity  of  compiling  an  additional  map  from  such 
other  maps  as  were  available  in  order  to  exhibit  the  relation  of  the  part 
surveyed  to  the  outlying  country,  exhausted  all  the  fund. 

An  estimate  was  afterward  submitted  to  make  certain  additional 
surveys  at  an  expetise  of  $500,  and  more  extended  ones  at  an  expense 
of  $1,500;  but  it  was  decided  that  the  purposes  of  the  investigation  of 
the  board  could  be  accomplished  with  the  information  on  hand,  and  no 
further  surveys  were  ordered. 

I  have,  however,  made  every  effort  to  secure  additional  information 
in  regard  to  maps  previously  constructed  in  this  region,  and  the  manner 
of  their  construction,  by  correspondence  with  such  survivors  of  the  war 
as  were  engaged  in  mapping,  and  have  had  considerable  success. 

It  must  be  remembered  that  the  battlefield  of  August  28, 29,  and  30, 

1862,  laps  to  the  eastward^  upon  the  battlefield  of  July  21, 1861,  and 
ui>on  that  at  Bnstoe  Station  in  August,  1862,  and  again  in  October, 

1863.  Its  interesting  campaign  features  extend  up  to  the  defenses  of 
Washington  on  the  north,  to  the  Rappahannock  River  on  the  south, 
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and  the  Shenandoah  River  on  the  west,  and  are  intimately  connected 
with  the  campaigns  of  Antietam,  Chancellorsville,  and  Grettysburg. 

The  two  great  armies  crossed  and  recrossed  this  ground  in  the  years 
1861, 1862,  and  1863;  the  results  of  which  gave  to  the  Union  Army  a 
preponderance  that  ever  afterward  excluded  the  other  from  this  field. 

It  is  not  yet  properly  mapped.  Each  of  the  campaigns  has  its  records, 
and  \ti  hastily-made  maps,  which  taken  together  without  discrimination 
I)roduce  nothing  but  confusion,  but  which  are  capable  of  being  reduced 
to  harmony,  so  as  to  fully  illustrate  each  campaign  without  confusion, 
if  but  a  few  check  surveys  can  now  be  run  alhd  impossible  agreements 
of  data  disposed  of  by  an  examination  on  the  ground  so  as  to  reject  the 
ones  found  to  be  erroneous. 

I  have  during  the  year  1879  obtained  some  surveys  and  data  not  yet 
used  in  compilation,  and  have  the  prospect  of  getting  some  of  the 
original  county  maps  of  Virginia  by  John  Wood,  from  which  Hermann 
Boye  made  his  compilation,  which  county  maps  may  enable  us  to  decide 
what  "principal  streams  and  roads''  shown  on  the  Boye  map  are  repre- 
sented from  actual  sur\'eys,  and  which  are  not. 

I  have  been,  in  different  official  orders,  connected  with  this  work  since 
the  close  of  the  war  in  1865.  A  letter  from  the  Chief  of  Engineers 
dated  June  26, 1865,  says,  "Major  G.  K.  Warren,  Corps  of  Engineers, is 
assigned  to  duty  •  •  •  to  prepare  his  campaign  reports  of  the  op- 
erations of  the  Army  corps  under  his  command.''  Having  prepared  my 
data  to  begin  this  work,  I  applied  for  authority  and  means  to 'hire  a 
clerk  and  draughtsman  to  assist  me.  On  November  4,  1865, 1  received 
notice  from  the  Chief  of  Engineers  "that  the  views  of  the  Secretary  of 
War  on  the  subject  of  expenditures  by  this  department  will  not  justify 
your  employment  of  a  draughtsman  and  clerk  to  enable  you  to  make 
your  report,  and  that  it  will  be  necessary  to  take  so  much  more  time  to 
effect  your  object  as  will  enable  you  to  prepare  your  own  rei)orts  and 
accompanying  papers  and  maps  to  illustrate  the  same." 

I  then  gave  my  principal  attention  to  arranging  my  papers  and  reply- 
ing to  a  large  correspondence  with  our  disbanded  Array,  in  doing  which 
I  had  no  assistant,  and  completed  a  report  of  operations  at  Five  Forks 
and  the  three  preceding  days,  by  March,  1866.  I  was  then  assigned  to 
duty  as  junior  member  of  an  engineer  board  Avithout  a  clerk,  which  oc- 
cupied me  till  the  end  of  May. .  On  the  last  of  July  I  was  assigned  to  a 
field  of  new  duty  on  the  Upper  Mississippi,  succeeded  by  many  other 
engineering  duties,  without  neglecting  which  I  could  scarce  give  a 
thought  to  military  reports  and  maps,  until  the  Mississippi  River  bridge 
report  was  completed  in  the  early  part  of  1878. 

However,  in  October,  1868, 1  was  assigned  by  the  Chief  of  Engineers 
to  the  duty  of  making  a  survey  and  map  of  the  battlefield  of  Gettys- 
burg, at  which  battle  I  was  chief  engineer  of  the  Ai*my  of  the  Potomac. 
This  map  was  reported  in  the  last  annual  report,  as  published  and 
distributed.  This  map  of  the  battlefield  of  Gettysburg  should  be 
accompanied  by  a  map  showing  the  routes  marched  over  in  that  cam- 
paign, for  which  map  1  had  many  notes  taken  at  the  time,  but  which  my 
advancement  after  the  battle  to  the  command  of  an  army  corps  gave 
me  no  chance  to  prepare.  To  harmonize  these  notes  \\ith  others  will 
require  comparisons  on  the  ground  and  additional  surveys. 

The  difficulties  in  using  the  data  in  a  compilation  arises  from  the  fact 
that  much  of  the  reconnaissances  were  made  on  horseback  with  esti- 
mated distiinces;  that  the  odometer  surveys  are  discrepant,  owing  prob- 
ably to  the  roads  being  too  rough  for  such  an  instrument ;  that  proper 
connections  were  not  made  between  important  lines  or  points ;  and  that 
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the  attentiou  of  those  reconnoitering  was  given  rather  to  the  country  in 
advance,  where  the  enemy  was  liable  to  interfere,  than  to  the  secnre 
regions  behind  our  lines. 

Were  the  only  object  now  to  secure  a  good  map  of  the  country  as  it 
now  is,  entirely  new  surveys  might  be  best ;  but  to  have  maps  to  illus- 
trate the  campaigns  in  the  war,  it  will  be  necessary  to  use  the  material 
then  collected,  and  only  such  new  surveys  need  be  made  as  will  prop- 
erly unite  the  data  of  the  war  maps.  Not  a  little  importance  to  under- 
standing war  operations  in  certain  places  and  times  depends  upon  a 
proper  showing  of  the  errors  of  these  war  maps. 

I  have  also  endeavored,  and  am  continuing  the  effort,  to  obtain  data 
for  a  history  of  the  topographical  engineering  work  of  the  two  Corps  of 
Engineers  within  the  field  of  operations  north  of  the  Rappahannock  and 
Bapid  Ann  rivers  from  the  beginning  of  the  war  to  the  time  of  the  close 
of  the  Gettysburg  campaign,  all  of  which  contributed  to  the  informa- 
tion upon  which  that  campaign  was  conducted. 

In  presenting  the  map  of  my  surveys  before  the  investigating  board 
at  West  Point,  in  July,  1878, 1  stated  that  it  was  my  intention  to  ac- 
company it  by  a  topographical  memoir.  This  I  had  prepared  as  nearly 
complete  as  I  then  could,  but  it  was  my  intention  to  revisit  the  ground 
as  soon  as  I  could  bfefore  concluding  it.  There  were  certain  discrepan- 
cies in  surveys  of  regions  contiguous  to  my  survey  which  it  was  impor- 
tant to  clear  up  on  the  ground — things  more  easily  corrected  than  de- 
scribed for  others  to  do.  I  have  been  unable  to  revisit  the  field,  and 
still  withhold  the  memoir. 

I  desire  that  existing  orders  in  regard  to  these  surveys  as  heretofore 
intrusted  to  me  may  be  allowed  to  remain  in  force  so  as  to  retain  my 
official  relation  to  the  subject,  and  thus  entitle  me  to  that  consideration 
from  others  which  is  due  to  public  work. 

The  best  compiled  map  I  could  make  with  the  data  then  on  hand  was 
sent  to  the  Engineer  headquarters  on  January  31, 1879. 

Resi)ectfully  submitted.  • 

G.  K.  Wabben, 
Lieutenant-Colonel  of  Engineers^  Bvt.  Major- General^  U.S.  A. 
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ANNUAL  REPORT  OF  CAPTAIN  GEORGE  M.  WHEELER^ 
CORPS  OF  ENGINEERS,  U.  S-  A.,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1879. 


GEOGRAPHICAL  SURVEYS  OF  THE  TERRITORY  OF  THE  UNITED  STATES 
WEST  OF  THE  ONE  HUNDREDTH  MERIDIAN,  IN  THE  STATES  AND  TERRI- 
TORIES  OF  CALIFORNIA,  COLORADO,  KANSAS,  NEBRASKA,  NEVADA, 
OREGON,  TEXAS,  ARIZONA,  IDAHO,  MONTANA,  NEW  MEXICO,  UTAH, 
WASHINGTON,  AND  WYOMING. 
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United  States  Engineer  Office, 
GEoauAPHiCAL  Surveys  West  of  the  100th  Meridian, 

Washington^  D.  C,  June  30,  1879. 
General:  I  have  the  honor  to  submit  the  usual  report  for  the  fiscal 
year  ending  June  30, 1879. 

Appropriations  for  office  work  alone  having  been  granted  at  the  past 
session  of  Congress,  all  parties  were  withdrawn  and  field  work  sus- 
pended at  the  close  of  the  fiscal  year. 

SUMMARY  OF  FIELD  AND  OFFICE  OPERATIONS. 

Early  in  July,  1878,  nine  parties,  two  operating  in  double  lines,  of  the 
exi>edition  of  that  year  took  the  field  as  follows :  One  at  Fort  Stanton, 
]N.  Mex.;  two  at  Fort  Garlantl,  Colo.;  three  at  Ogden,  Utah;  two  at 
Carson,  IS^ev.,  and  Fort  Bidwell,  Cal. 

The  separately  organized  astronomical  parties  commenced  their  labors, 
one  at  the  observatory  of  the  surv^ey  at  Ogden,  Utah,  a  second  at  Fort 
Bliss,  Tex.,  and  a  third  at  The  Dalles,  Oreg. 

The  x)olitical  divisions  entered  by  the  above  parties,  connecting  areas 
with  those  occupied  heretofore,  were  California,  Xew  Mexico,  Texas, 
Arizona,  Utah,  Nevada,  Colorado,  Oregon,  Washington  Territory,  and 
in  portions  embraced  by  atlas  sheets  20  A,  20  C,  29  A,  29  C,  38  B,  56  B, 
oiS  D,  61  D,  70  A,  70  C,  73,  76,  77  D,  78  A,  83,  84,  90  A,  and  90  B.  (See 
progress  map  herewith.) 

The  disbandment  of  the  expedition  was  successfully  accomplished  at 
Sacramento,  Cal.;  Fort  Bidwell,  Cal.;  Ogden,  Utah;  Fort  Garland, 
Colo. ;  Fort  Stanton,  and  Fort  Bayard,  N.  Mex. 

The  parties  were  in  the  field  for  a  period  exceeding  five  months  with- 
out casualties,  and  the  accumulation  of  data  by  the  observers,  46  in 
number,  exceeded  that  of  any  former  year.  Valuable  observations, 
other  than  those  required  for  the  resulting  topographical  map,  were 
gathered  by  specialists  in  geology,  zoologj ,  upon  mining  at  the  Com- 
stock  Lode,  Nevada,  and  elsewhere. 

During  April,  1879,  a  special  party  of  the  Utah  section  was  engaged 
in  the  topograjihic  and  hydrographic  survey  of  the  Great  Salt  Lake 
and  vicinity,  while  two  parties  of  the  Colorado  section  at  Fort  Garland, 
Colo.,  and  one,  working  in  two  divisions,  of  the  California  section  at 
Saeramento,  Cal.,  were  organized  early  in  May  to  prosecute  their  labors 
in  paits  of  the  political  divisions  of  Colorado,  New  Mexico,  Utah,  and 
California,  embniced  by  atla«  sheets  41  A,  41  C,  41 1),  52  D,  56  D,  69  D, 
70  A,  70  C,  77  B,  78  A.  (See  progress  map  herewith.)  The  parties 
were  withdrawn  from  the  field  tx)  resume  office  labors  June  30,  1879. 

Among  these  parties,  and  from  the  chief  of  which  no  special  report 
was  received,  was  one  engaged  in  triangiilation  observations  in  Central 
Colorado,  under  Louis  Nell,  assistant.  This  party  was  successful  in  its 
operations,  locating  along  its  route  a  number  of  new  mining  camps,  as 
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Silver  Cliflf,  Leadville,  Ten  Mile,  Carbonate,  Frying  Pan  Gnlch,  Monarch, 
and  the  new  discoveries  in  the  basin  of  the  Gnnnison. 

The  group  of  mines  with  Leadville  as  a  center  was  found  to  be  of  un- 
doubted present  richness  and  of  great  fiiture  promise. 

Astronomical  stations  for  telegraphic  longitudes  and  zenith  telescope 
latitudes  were  occupied:  1.  Ogden,  Utah  (connecting  station);  2.  WaUa 
Walla.  Wash. ;  3.  Dalles,  Oreg. ;  4.  Fresno,  Cal.;  6.  Fort  Bliss,  Tex. ;  6. 
Fort  Bayard,  N".  Mex. 

As  usual,  at  the  Washington  office  a  number  of  draughtsmen  and  com- 
puters were  steadily  employed  in  redudng  observations,  plotting  results, 
and  in  the  delineation  of  the  final  atlas  sheets.  The  field  reducing 
office  at  Ogden  was  discontinued  during  the  season,  to  be  resumed  at 
its  close  and  continued  throughout  the  year. 

The  following  changes  have  occurred  with  regard  to  the  detail  of  officers 
serving  upon  5ie  work : 

Lieut.  Charles  G.  Morrison,  then  Sixth  United  States  Cavalry,  repaired 
to  West  Point  to  report  to  the  Superintendent  of  the  Military  Academy, 
August  28,  1878,  pursuant  to  paragraph  2.  Special  Orders  No.  79, 
Headquarter's  of  the  Army,  Ac^utant-General's  Oteee,  April  13, 1878. 

First  Lieut.  Eogers  Bimie,  jr..  Ordnance  Department,  was  relieved  from 
duty  March  12, 1879.  by  virtue  of  paragraph  2  of  Special  Orders  No.  69, 
Headquarters  of  th^Army,  Adjutant-General  Office,  1879,  and  to  report 
in  person  to  the  Chief  of  Ordnance.       , 

First  Lieut.  Thomas  W.  Symons,  Corps  of  Engineers,  was  relieved  from 
duty  by  paragraph  5  of  Special  Orders  No.  58,  Headquarters  of  the  Army, 
Adjutant-General's  Office,  March  11, 1879,  and  ordered  to  report  to  the 
commanding  general  Department  of  Columbia  for  duty,  and  was  re- 
lieved from  the  survey  June  1, 1879. 

Second  Lieut  H.  H.  Ludlow,  Third  Artillery,  was  relieved  by  para- 
graph 7,  Special  Orders  No.  122,  Headquarters  of  the  Army,  Adjutant- 
GeneraPs  Office,  May  23, 1879,  from  duty,  and  ordered  to  join  his  battery, 
which  took  effect  June  1, 1879. 

Dr.  J.  T.  Eothrock,  University  of  Pennsylvania,  completed  the  proof- 
reading of  his  report  and  those  of  the  several  other  botanical  authors 
contributing  to  Vol.  VI,  that  has  now  been  issued  from  the  Government 
Printing  Office. 

Prof.F.  W.  Putnam,  curator  of  the  Peabody  Museum,  Cambridge,  Mass., 
assisted  by  Dr.  C.  C.  Abbott  and  Lucien  Carr;  completed  his  portions  of 
the  manuscript  of  Vol.  VII,  which  is  now  passing  the  different  stages 
of  proof  at  the  Government  Printing  Office. 

Sergt.  Thomas  Knight,  Company  F;  Corpl.  Joseph  T.  Hill,  Company 
I ;  Artificer  Joseph  Messer,  Company  E,  and  Private  Brenholz,  Company 
D,  all  of  the  Fourteenth  Infantry,  were  detailed,  by  selection,  pursuant 
to  paragraph  1,  Special  Order  No.  29,  Headquarters  of  the  Army,  Adju- 
tant-GteneraPs  Office,  February  8,  1878,  and  have  performed  excellent 
service. 

To  the  officers  and  other  assistants  engaged  in  prosecuting  the  ardu- 
ous labors  of  the  survey  for  another  field-season,  being  that  of  the  ninth 
regular  expedition  under  my  command,  independent  of  the  winter  cam- 
paign of  1875-'76  and  the  season  of  1879,  just  closed,  I  desire  to  extend 
my  recognition  of  the  unflagging  energy  and  willingness  shown  and 
steady  improvement  in  and  rapidity  of  execution  of  the  several  parts  of 
the  work. 

As  usual  the  supply  branches  of  the  War  Department  have  aided, 
thereby  admitting  of  the  retention  of  a  larger  number  of  professional 
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assistants  than  could  have  been  secured  by  means  of  the  direct  appropria- 
tion alone/ 

Prominent  featores  from  the  results  of  observations  in  the  field  and 
reductions  in  the  office  are  herewith. 

FIELD  SEASON  OF  1878. 

Number  of  main  stations  occupied  for  astronomical  observations 5 

Sextant  latitude  stations 90 

Bases  measured 5 

Triangles  about  bases  measured 64 

Main  trangnlation  stations  occupied 70 

Secondai^  trian^lation  stations  occupied 87 

Three-point  stations  occupied 763 

Stations  on  meander 15,936 

Miles  measured 10,299 

Cistern-barometer  stations  occupied • 1,041 

Aneroid  stations  occupied 7,067 

Magnetic  variations  ooserved 197 

Monuments  built 156 

Mining  camps  visited 15 

Mineral  and  thermal  springs  noted •••  83 

Minerals,  fossils,  and  ores ;  specimens  coUected,  {^proximately  ...........••«.  1, 467 

Mammals,  specimens  collected..... • 11 

Birds,  specimens  collected 843 

Birds' e^gs  ooUected ^. 18 

Mammals  (alcoholic)  collected 3 

Mammal  crania  collected ^ 1 

Bird  crania  collected 7 

j^^jjjjcimen- SM 

Lizard.    jtf.'T!!?.::::::::::::::::::::::::::;:::::::::::::::::::::::::  ^ 

Batr»chi«u.|gs'^!!?! ::::::::::::;;:: ::::;:::;::::::::::::::::::::::: ::::  n 

Hemiptera  ooUected 1 

orthoptera j f^'"""^  •"  :-":-:-■: •;;."•.:•.•.•.::::•; :::•.:::•.:::::  *^ 

cru«taceaiis  J  ^^Zii:: :":::::;:  i:;;::;:;.::::::;.::'.:::::;.::*.:::::"  *? 

Fossil  leaves  specimens • 72 


OFFICR-WIKTER  1878-'ro. 

Astronomical  positions  computed 43 

Triangulation  stations  computed 90 

Creodetic  figures  computed 76 

Distances  computed 1,806 

Azimuths  computed • 855 

Longitudes  and  latitudes  computed 898 

Cistern-barometer  altitudes  computed 1,041 

Aneroid-barometer  altitudes  computed ^ 6,963 

Sheets  and  parts  of  sheets  plotted  (1  inch  to  8  miles) 14 

Special  sheets  drawn  (various  scales) 8 

Atlas  maps  (1  inch  to  4  miles)  published.., 6 

Atlas  maps  (1  inch  to  4  miles)  approaching  completion  for  publication 4 

Reports  distributed 8,633 

Maps  distributed 14,906 

Sextant  latitude  stations  computed 60 

Mumber  of  main  triapgulation  stations  computed 59 

Number  of  triansles  computed 904 

Number  of  secondary  triangulation  stations  computed 37 

Number  of  points  fixed  by  cross-sights  computea 64 

Number  of  three-point  stations  computed • 138 
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ReportH  iu  course  of  publication :  Volumes  I,  VII,  aud  tables  of  geographical  posi- 
tiouH,  altitudes,  distances,  &c. 

Maps  in  course  of  preparation  for  publication : 

Topographical  atlas  sheets 23 

Land-classitication  atlas  sheets 12 

Geological  atlas  sheets ; • .  4 

Total 39 

Certain  of  the  above  sheets  must  await  publication  until  additional 
triangulation  and  topographical  observations  are  made;  that  could, 
however,  be  accomplished  in  one  season  by  a  number  of  small  parties, 
specially  equipped  for  this  class  of  work,  and  for  which  funds  equal  in 
amount  to  the  present  office  estimate  ($30,000)  could  be  most  advan- 
tageously expended. 

Lieutenant  Tillman,  chief  of  painty  1,  Utah  section,  also  sextant  and 
triangulation  obser\'er,  was  during  the  winter  in  charge  of  the  geodetic 
and  barometric  reductions,  and  in  preparation  of  his  report,  that  is  sub- 
mitted herewith  as  Api>endix  A. 

Lieutenant  Symons,  as  chief  of  party  1,  was  engaged  in  the  field  as 
sextant  and  triangulation  observer.  He  wa«  assigned  to  the  charge  of  the 
Ogden  office,  that  had  been  organized  by  Lieutenant  Tillman  at  the  close 
of  thie  field  season.  He  was  thence  ordered  to  Washington,  where,  com- 
pleting his  sextant  reductions,  and  while  supervising  the  final  plotting 
of  several  triangulation  sheets,  he  was  relieved  June  1.  His  executive 
report  appears  herewith  as  Appendix  B. 

The  report  of  Lieutenant  Griffin,  chief  of  party  2,  Colorado  section, 
appears  as  Appendix  C.  This  officer  made  both  sextant  and  triangula- 
tion observations  in  the  field,  and,  during  the  office  period  was  in  charge 
of  the  topographical  room,  and  engaged  also  in  computations  and  in 
preparation  of  report. 

Lieutenant  Young  succeeded  Lieutenant  Symons  in  charge  of  the 
Ogden  office.  As  chief  of  party  2,  Utah  section,  he  was  engaged  in  sex- 
tant work  in  the  field  and  in  computations  in  the  office.  His  report  ap- 
pears as  Appendix  D.  While  chief  of  party  on  Salt  Lake  survey,  his 
other  duties  were  that  of  triangulation  observer. 

The  office  duties  of  Lieutenant  Bimie,  until  date  of  being  relieved, 
March  1,  were  in  supervision  of  reductions  of  work  of  his  parties,  both 
for  1877  and  1878,  in  preparation  of  his  report  (see  Appendix  E),  and 
incidentally  in  computations. 

Lieutenant  Macomb  carried  on  sextant  and  triangulation  observations 
in  the  field.  His  office  duties  consisted  in  superv'ising  final  map  draw- 
ings, in  preparation  of  report  (ss3  Appendix  F),  aul  in  topographical 
reductions. 

Party  2,  Utah  section,  with  Lieutenant  Ludlow  as  chief,  assisted  by 
Francis  Klett,  was  engaged  in  special  base  measuring  and  triangulation 
observations  near  Austin,  Nev.,  and  at  and  eastward  from  Fresno,  Cal. 

I  desire  to  state  the  high  appreciation  in  which  the  services  of  Messrs. 
Nell,  Thompson,  Maxson,  Spiller,  Carpenter,  Karl,  and  Polhemus,  field 
topographical  assistants,  are  heltl. 

'     .  ASTRONOMICAL. 

Five  main  astronomical  stations  were  occupied  during  the  1878  season,, 
at  or  near  the  following  localities:  1.  Fort  Bliss,  Tex. ;  2.  Fort  Bayard, 
N.  Mex.  (Miles  Kock,  observer);  3.  Dalles,  Oreg.;  4.  Walla  Walla,. 
Wash.;  5.  Fresno,  Cal.  (John  H.  Clark,  observer). 
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The  plan  and  methods  of  observations  and  subsequent  computation 
are  the  same  as  have  been  in  use  upon  the  survey  almost  continuously 
since  its  commencement,and  are  shown  in  Vol.  II.  Observations  lor  per- 
sonal error  were  made  by  the  automatic  personal  equation  apparatus  de- 
vised by  Dr.  F.  Kampf,  late  assistant  of  the  survey,  and  perfected  at  this 
office. 

One  of  the  peculiarities  of  this  astronomical  campaign  consisted  in  the 
opportunity  which  was  afforded  of  sending  signals  from  Fort  Bayard, 
N.  3Iex.,  to  Ogden,  Utah,  via  Santa  F6,  N.  Mex.,  Denver,  Colo.,  and 
•  Cheyenne,  Wyo.,  also  via  Tucson,  Ariz.,  Fort  Yuma,  and  Sacramento, 
Cal.,  thus  using  two  extended  circuits,  that  together  make  up  the  sides 
of  a  large  qus^rilateral.  Thanks  are  due  to  Norvin  Green,  president 
Western  Union  Telegraph  Company,  and  General  A.  J.  Myer,  Chief 
Signal  Officer,  U.  S.  A.,  the  former  for  the  free  use  of  the  wires  of  his  com- 
pany, and  the -latter  for  his  courtesy  in  extending,  while  the  party  was 
in  the  field,  the  immediate  use  of  the  government  line  fix>m  Santa  F6 
southward.  The  report  in  the  required  usual  form  of  the  results  of  the 
computations  by  Professor  Safford  follows  herewith. 

REPORT  OF  PROF.  T.  H.  SAFFORD.      COMPUTATIOX8  OF  THE  LATITUDE  AND  LOXGITUDE 
OF  FIVE  ASTRONOMICAL  STATIONS. 

Sir  :  I  bave  the  honor  to  present  my  report  on  the  compatationa  of  the  latitndes  and 
longitudes  of  tive  stations,  namelv^ 

1.  Walla  Walla,  Wasb. 

2.  The  DaUes,  Oreg. 

3.  Fresno.  Cal. 

4.  Fort  Bliss,  Tex. 

5.  Fort  Bayu^,  N.  Mex. 

The  observations  at  stations  1, 2, 3  were  made  by  Assistant  John  H.  Clark ;  those  at 
stations  4, 5  by  Assistant  Miles  Rock ;  the  corresponding  time  observations  at  Ogden, 
Utah,  by  myself. 

The  observations  made  at  Ogden  include  transits  taken  on  every  available  night 
during  the  season,  in  order  to  make  sure  of  the  rate  and  error  of  my  chronometers. 
Nine  nights  only  were  so  cloudy  that  no  observations  were  taken,  between  the  dates 
July  27  and  Octoher  10. 

These  observations  were  all  so  far  re<luced  as  to  give  approximate  clock  and  instru- 
mental corrections;  and  in  addition  the  following  right  ascensions  for  187H.0  of  stars 
not  otherwise  well  determined : 


Star's  name.  A.  R.  1878.0. 

I  A.  m.    t. 

1B6  Heis  HerenliB 17  45  3flLlft5 

204  Heij}  HcrcuUs ,  18  12  46.084 

8  HeiaLyne 18  21  1«.3«8 

11  HeULyne 18  32    S.700 

28  HeisCyfnii I  18  38    2.868 

Piuxi  XX  358 20  46  17.473 

Fiaxzi  XXII,  158 1  22  29  56.660 


No.  of,  Decimation 
obs.  1878.0. 


2 

+  29  21.4 

1 

18    5.1 

«  1 

29  45.6 

8 

38  22. 

9 

32    S.5 

6  . 

27  47.6 

4 

+  19  38.8 

In  a  few  cases  these  right  ascensions  were  not  used  in  the  reductions,  which  were 
completed  before  they  were  obtained. 

The  following  is  the  table  of  approximate  chronometer-corrections,  together  with 
the  final  C4>rrections  obtained  by  the  method  of  least  squares  for  the  nights  upon 
which  signals  were  exchanged. 
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All  the  observations  of  this  campaign  were  by  the  eye  and  ear  method. 


Date. 

1 

^1 

1 

1 

Hourly  rate. 

4'uly25 

A.    m. 

17  46 
IB    80 
15    62 

18  25 
le    10 
17    60 

m.    9. 
—  0    3.16 
8.04 
1X06 
12.69 
It.  61 
17.11 

k. 

M.       t. 

ff. 

S«           ....--•.-.. 

27 

• 

28 , 

29 

15    60  '           20.87 

17    60 
le    25 
16    15 
10    80 

le  10 

16    15 

2L8B 
25.09 
29.46 
88.68 
87.42 
41.  m 

80 

81 

Anc  1 

;::;::;:;:::;:;::::::::::       1 

^  2:::;;:::::::::::;:::::::;:::":!:::: 

:::::: 

8 

:::::::::j:::::::::::::  i:::: ::::::        1 

4 , 

le    40  1            46.49 

5 

le  80 

18    60 

17  10 

18  0 
lA      0 
17      0 
17    80 
17    80 
17    80 

19  10 
17    80 
17    80 

17  80 

18  80 

17  80 
21      0 

18  0 
18    80 

20  0 
18      0 
18      0 
18     0 

49.27 
49.79 
68.88 

—  056.92 

—  1    0.99 

4.01 
&20 
11.94 
15.76 
1&87 
19.14 
22.86 
84.70 
89.19 
42.77 
48.44 
47.84 
6L04 
5L16 

—  1  69.14 

—  3    8.08 

7.87 

'^v///v^y//^v^'.'^'.'.'.' 

6 

1 

7 

g 

0 

10 

11 

12 

18.8 

—  1  15.818 

—  0.153 

18 

14 

17 

18 

19 

19.26 

—  148.126 

—  0.171 

•     20 

21 

19.25 

-161106 

—  0.M3 

28 

24 

25 

20 

18      0  1           11.00 

19.5 

—  2  It  905 

—  0.175 

21      0 
18      0 
18     0 
21      0 

17  80 

18  80 

20  0 

18  80 

19  0 
19      0 

21  0 
19      0 
19      0 
23      0 
19      0 

22  80 

18  48 

19  0 
22    80 
19      0 
22    80 
19      0 
22    30 
19      0 
22      0 
19      0 
19      0 
19      0 

21  0 
19      0 
19      0 

22  0 
19      0 
22      0 

12.19 
15.75 
19.80 
20.27 
23.02 
27.49 
27.57 
31.58 
35.87 
50.83 
6L23 
54.42 
58.18 

—  2  58.98 

—  8    1.99 

2.43 
4.87 
2.28 

—  8    2.24 

—  2  59.80 

60.56 
57.58 
57.88 
56.01 
55.99 
54.56 
58.28 
6L78 
50.66 
4a  02 
46.07 
45.00 
44.16 

—  2  44. 04 

27 

28 

19.5 

—  220.041 

-0.196 

29 , 

80 

81 

Sept  1 

90.0 

—  2  5L014 

—  0.158 

2L0 

—  2  68.570 

—  0.152 

20.75 

—  8    2.166 

-0.184. 

10 

20.75 

—  8    2.270 

t-h  0l007 

11 

20.75 

—  2  59.668 

+  0.198 

• 

12 

20.75 

—  2  57.446 

+  9.081 

18 

20.5 

—  265.990 

+  ao«7 

14 

15 

1  " 

16 

17 

21.0 

—  2  50.501 

+  0.048 

19 

20 

20.5 

—  2  45.984 

+  0.083 

21 

20.5 

—  2  44. 100 

+  0.077 

1.3 


*  In  this,  the  leut  square  iediLOtion,tlLe  formala  for  weight  n»ed  wae  to  =  ^     ^  3'  gee  *  S     ^**  ^®^  ^ 

pp.  343  to  347  of  the  quarto  reports  of  thU  Btirvey. 
f  Mr.  Wallace  dropped  the  cnronometer,  hence  this  change  of  rate. 
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Date. 

& 

Preliminary 
correctioufl. 

jl 

1 

Sept.  22 

h.    m. 

19  0 
22    24 
22      0 

20  0 
19      0 

19  30 

22  48 

20  0 

23  0 
10    30 
20      0 

0      0 
20      0 
23    12 
20    30 
20      0 
23    30 

19  30 

20  0 
23      0 
20    30 
23      0 
20    30 
23      0 
20    48 
23    12 
20    36 
23    12 

m.      «. 

—  2  42. 54 

42.31 
40.37 
38.79 
36.78 
34.98 
34.65 
33.65 
33.54 
31  99 
28.42 
28.00 
26.65 
26.35 
24.74 
22.46 
22.27 
20.  52 
18.56 
18.31 
16.77 
16.66 
15.32 
15.23 
13.84 
13.66 
10.84 

—  2  10  67 

h. 
20.7 

m.     9. 

—  2  42.424 

+  0.076 

23 

24 

25 

26 

21.16 

—  2  34. 814 

+  0.060 

27 

2i.5 

—  2  33. 603 

+  0.062 

28      

30 .".. 

22.0 

—  2  28.249 

+  0.071 

Oct     1 

2L85 

—  2  26.502 

+  0.072 

2 

3 

2L75 

—  2  22. 374 

+  0.092 

4 

5 

21.50 

—  2  18.440 

+  0.076 

6 

21.75 

—  2  16.720 

+  6.066 

7... 

21.75 

-2  15.278 

+  0.062 

8: 

22.0 

—  2  13. 763 

+  0.063 

10 

21.0 

—  2  io.  762 

+  0.063 

In  the  calculation  of  these  chronometer  corrections,  the  star-catalognes  nsed  were 
the  German  ephemerides  of  539  stars,  the  American  Ephemeris,  and  the  Survey  Cata- 
logue of  2,018  stars.  The  chronometer  corrections  need  to  be  increased  byabout  O'.Ol 
to  correspond  to  the  revised  German  ephemerides,  published  in  1878  or  1879,  after  my 
return  from  the  field ;  this  revision  was  employed  in  the  reduction  of  Mr.  Clark's  and 
Mr.  Rock's  observations. 

Observations  for  personal  equations  with  Mr.  Clark  were  made  at  O^den,  which 
here  follow;  the  bracketed  chronometer  corrections  (dt  +  m)  are  those  given  by  the 
polar  stars.  The  difference  is  almost  exactly  zero,  and  has  been  neglected,  as  Mr. 
Clark  observed  with  a  different  instrument  from  his  own. 

Observations  far  personal  equation, — J,  H,  ClarJc  and  T,  JS,  Safford, 
October  10, 1878.    PirstKroup.    Clamp  East 


Star's  name. 


y    Cvfcni 

41  Cygni 

c   Delphini 

ff  Delphini 

a  Delphini 

PlazziXX*358..'' 
32  Vulpeculae... 

Br.  2749 

61  Cygnl 

i    Cygni 

12513 


20  19  42.83 
26  16.79 


29 

15.78 

33 

42.20 

30 

3&48 

43 

8.66 

48 

9.98 

51 

14.20 

20 

54 

52.18 

21 

3 

18.24 

21 

0 

37.10 

n  tan  6.   I    e  sec  8.   . 


T'. 


«. 

—0.28 
—0.21 
—0.07 
—0.09 
—0.09 
—0.23 
—0.18 
—0.18 
—1.95 
-0.27 
—0.19 


+  0.26 
+0.24  I 
+0.20 
+0.21 

+0.21 ; 

+0.24 
+0.23  1 
+0.23 
+1. 16  1 
+  0.25  ' 
+0.23 


A.R. 


«•       I 

42.81  I 
16.82 
15.01  I 
42.32 
38.60  I 
8.67  I 
10.03  I 
14.25 
51.39  I 
18.22 
37.14  , 


53.21 
27.28 
26.18 
52.75 
4&80 
19.17 
30.32 
24.  52 
1.78 
28.65 
47.59 


dt  +  m  +  2". 
*C. 


+10.40 
10.27  ' 
10.29  I 
10. 29  I 
[10.39] 
10.45  i 


S. 
«. 

+10.46 
10.48 
10.50 
10.27 
10. 4t 
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Oheervations  for  peraonal  equations, — J,  H,  Clark  and  T,  H,  Safford, 
October  19, 1878.    Second  groap.    Clamp  east. 


Star's  name. 

T. 

ntanS. 

eseoJ. 

T'. 

A,R 

(U  +  tn 

+  2-. 

h.     m. 

22  3 
6 
9 

12 
17 
24 
28 
31 
35 
39 
42 

23  5 
11 
16 
21 
24 
29 
32 
36 

10.51 
27.06 
56.29 
31.86 
M.06 
4.10 
35.01 
49.30 
40.19 
10.16 
32.61 
64.62 
50.53 
29.27 
10.86 
52.56 
47.46 
21.00 
15.68 

t. 

-0.36 
-0.12 
-0.10 
-0.14 
-0.04 
-0.12 
-0.07 
-0.07 
-0.15 
-0.11 
-0.08 
-0.70 
-0.09 
-0.08 
-0.08 
-0.04 
-0.11 
-0.12 
-0.82 

+0:43 
+0.24 
+0.23 
+0.25 
+0.20 
+0.23 
+0.21 
+0.21 
+0.26. 
+0.23 
+0.22 
+0.76 
+0.22 
+0.22 
+0.22 
+0.20 
+0.23 
-fO.24 
+0.89 

$. 

10.58 
27.18 
56.42 
31.97 
24.22 

4.21 
35.15 
49.44 
40.30 

0.28 
32.75 
54.68 
60.66 
29.41 
ILOO 
52.72 
47.58 
21.12 
15.75 

20!  68 
37.57 

6.76 
42.43 
34.53 
14.48 
45.50 

0.46 
5a  84 
20.74 
43.05 

5.34 

1.05 
39.96 
21.49 

3.21 
5a  18 
3L63 
26.58 

C. 

8. 

20    Cephel 

10.39 
ia46 
10.27 
10.96 
10.46 
[10.66] 
10.55 
10.49 
10.51 

laio 

ir«    Pegast       

PiaaElXXn.32 

1     LacertfB - 

10.34 

31    Pegasi    

10.81 

PiaMiXXn.113 

39    Pegasi 

10.35 

Piaa52lXXU.158 

10    Lacert» 

It.  54 

w     Peffasi 

A  peSS. .:::;!  :r.! 

10.30 

«•     Cephel 

130  Heis  Pegasi 

T     Pegasi 

10.39 

V     Pegasi 

10.49 

70    Pegasi 

72    Pegasi 

10.60 

153  Heis  Pegasi 

V     Cewhei 

[10.83] 

October  20,  1878.    First  group.    Clamp  west 


Star's  name. 


T. 


A  Cephel... 
39  Cygni.... 
41  Cvgni.... 
c  Delphini  . 
B  Delphini . 
Delphini  . 


€  Cygni . 
PiaxsiXX.858  . 
32  YnlpeculiB . 
61    Cygni  pr... 

<     Cygni 

V     Cygni 

1     Pegasi 

7444 

70    Cvgni!!..!! 
Gr.  3511 


h. 
20 


14 
20 
26 
29 
33 
39 
43 
48 
51 
3 
9 
14 
18 
20 
24 


«. 

44.16 
49.38 
14.83 
ia92 
40.51 
36.56 
6.93 
7.95 
12.26 
16.35 
85.11 
44.62 
17.47 
59.82 
13.41 
11.09 


ntan3. 


«. 

-1.07 
—0.15 
-0.14 
-0.05 
-0.06 
—0.06 
-0.16 

-ail 
-an 
-a  19 
-a  14 
—a  16 

-0.08 

—0.12 
—a  18 

-L36 


cseo2. 


A,R. 


dt  +  »  +  2". 


t. 

t. 

S. 

C. 

9. 

«. 

«. 

-a  91 

42.18 

55.33 

[13.15] 

-0.24 

48.99 

L86 

12.86 

-a  23 

14.46 

27.80 

12.84 

-0.20 

13.67 

26.17 

12.50 

-a  21 

40.24 

52.74 

12.50 

—a  21 

36.29 

4a  88 

12.59 

-0.24 

a53 

19.15 

12.62 

-a  22 

7.62 

20.84 

12.72 

-a  22 

11.93 

24.51 

12.58 

-0.25 

16.91 

2a  63 

12.72 

-a  23 

34.74 

47.58 

12.84 

—a  24 

44.22 

57.05 

12.88 

-a  21 

17.18 

29.88 

12.70 

-a  22 

59.48 

12.09 

12.61 

-a  25 

12.98 

25.88 

12.90 

-1.15 

8.58 

21.08 

[12.60] 

October  20, 1878.    Second  gronp.    Clamp  west. 


SfAr'sname.                       T.              ntand. 

eseca. 

-o!24 
-a  23 
-a  25 

-a  20 
-a  21 
-a  21 
-a  26 
-a  23 
-a  22 
-a  48 
-a  23 
-a  22 
-a  76 
-a  22 

T'. 

A.  K. 

dl  +  m  +  2-. 

1                           j 

24. 53 
53.78 
29.60 
21.73 
32.56 
47.38 
37.53 

7.62 
30.06 
11.03 
42.49 

1.07 
61.98 
47.91 

37!  56 

4  77 

42.45 

34.52 

45.51 

a  41 

50.83 

90.78 

43.10 

23.84 

55.52 

14.21 

5.29 

1.06 

S. 

C. 

1    h.    m.      t.              «. 

w«    Peensi 1    22      6    24.92         -a  15 

PiAZ2iXXlL32 1             9    54. 14  '      —0.13 

t. 

13.08 

12.85 

12.95 
18.03 

13.11 

[12.81] 

13.14 

13.15 

12.90 

1      LacertiB !           12    30.03  1      -a  18 

81    Pegasi 17    21.98  |      -ao5 

89    Pegasi 1           28    82.86  1      -a09 

Piaz7-iXXIL158. '           31    47.68  1      -a09 

10    Lacorta; 36    37.98,      -ai9 

1)     Pegasi 39      7.99         -ai4 

A      Pegasi 42    8a38         -a  10 

i       Cephei 47    12.04         -a63 

fi     I'egasi 69    42.84        —0.12 

12.  ?• 

13.  at 
13.04 
13.  Ot 

56    Pegasi 23      3      1.40         -ail 

ir     Cephei 5    53. 62  |       -a  88 

130  Heis  Pegasi 114a24         -a  11 

[13.31] 

The  chronometer  nsed  was  Negua  1481 :  the  transit  instrument,  WUrdemann  31 ;  itt 
line-intervals  from  the  center,  3«.538»»,  wnere  »  is  a  whole  uamber  less  than  15.  The 
lines  were  ruled  on  glass,  25  in  number,  in  5  groups ;  I  could  det<*ct  no  deviation  from 
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regularity  in  them,  and  always  employed  symmetrical  lines.  Tlie  value  of  one  level 
division  used  was  1".0 ;  later  Mr.  Rock  fonnd  (y'.9'77. 

The  personal  emiation  with  Mr.  Rock  was  determined  by  means  of  a  personal  equa- 
tion apparatus.  Its  value  will  be  found  in  the  report  on  the  longitude  of  Fort  Bliss. 
This  also  was  neglected ;  it  was  too  uncertain. 

The  calculations  of  latitude  for  the  different  stations  were  made  with  the  help  of  the 
catalogue  of  2,018  stars.  Stars  outside  of  its  range  were  taken  from  the  Amarican 
Ephemeris  as  now  corrected  ;  that  is,  applying  to  the  apparent  places  of  the  volume 
for  1878  the  corrections  ^ven  in  that  for  1881 ;  or  from  tlie  German  catalogue  of  539 
stars,  using  the  last  revision  of  its  places ;  when  a  star  occurs  in  both  these  catalogues, 
a  mean  was  taken. 

For  other  stars  the  most-  modem  authorities  were  reduced,  after  the  manner  of  the 
catalogue  of  2,018  stars.  In  a  very  few  cases  no  accurate  place  of  the  star  could  be 
fonnd ;  this  refers  chiefly  to  such  stars  in  the  new  Coast  Survey  rough-working  list  as 
had  not  been  observed  of  late  years,  and  had  been  excluded  from  the  catalogue  of 
2,018  stars  for  that  reason. 

Whenever  the  result  of  all  the  observations  upon  a  pair  or  combination  of  stars 
seemed  discrepant,  the  declinations  were  thoroughly  revised.  No  correction  was  fonnd 
in  this  way  to  the  catalogue  of  2,U18  stars ;  in  some  cases  new  observations  have  been 
lately  published,  but  no  star  was  found  to  need  any  correction  which  could  sensibly 
affect  the  results. 

The  combinations  of  more  than  two  stars  gave  some  trouble.  In  one  case  there  are 
three  north  stars  and  four  south,  which  would  give  twelve  pairs,  but  with  a  weight  of 

,-^— -  =  3f  only.    In  this  and  all  similar  cases  I  treated  the  whole  combination  as  one 

pair ;  that  is,  I  inserted  in  the  blank  provided  the  half  sum  of  the  mean  of  the  declina- 
tions of  north  stars,  and  of  the  mean  of  the  declinations  of  south  stars,  and  gave  the 
result  a  higher  weight.  This  is  the  only  logical  method.  Of  course  in  all  these  oases 
I  took  pains  to  see  that  the  micrometer  readings  were  such  as  agreed  with  the  known 
differences  of  declinations  of  the  stars,  before  taking  the  means. 
The  notes  upon  the  stations  were  prepared  by  the  observers. 
I  remain,  sir,  very  respectfully,  yours, 

T.  H.  SAFFORD. 
Capt.  G.  M.  Wheeler, 

United  States  Engineers,  in  charge. 
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ASTRONOMICAL  STATION  AT  WALLA  WALLA,   WASH.  TER.,  1878. 
GEOGRAPHICAL  POSITION. 

Latitude  46°  3'  55.  "89. 
Longitude  ■ 


Barometric  altitude  of  observatory  above  sea  level  (monument),  1,033.5  feet. 

In  reducing  the  observations  for  time  made  at  Walla  Walla  discrepancies  were  found 
which  could  not  be  explained  for  lack  of  time.  The  discussion  of  the  longitude  is  here 
omitted. 

The  pier,  of  cemented  brick,  from  which  the  observations  were  made  for  the  astro- 
nomical determination  of  this  station,  is  situated  in  block  No.  9,  known  as  Jail-square, 
57  feet  from  the  center  of  Fifth  street,  and  211  feet  in  a  straight  line  to  a  street  monu- 
ment in  the  center  of  Main  and  Fifth  streets  (see  plate  herewith).  The  location  was 
objectionable  on  account  of  dust,  smoke,  jar  and  noise,  but  was  unavoidable,  there 
being  no  other  place  where  the  pier  would  probably  be  protected,  and  at  the  same 
time  afford  the  necessary  telegraphic  facilities. 

In  erecting  the  pier  the  magnetic  needle,  variation  20|^  east,  was  used ;  the  transit, 
however,  showed  it  to  be  largely  out  of  the  prime  vertical.  The  unreliability  of  the 
needle  in  this  instance  is  due,  doubtless,  to  the  components  of  the  soil,  which  is  here 
constituted  largely  of  bowlders  charged  with  magnetic  iron. 

WALLA  WALLA  AND  ITS  SURROUNDINGS. 

Wallula  is  a  clear,  rapid  creek  heading  in  the  Blue  Mountains  and  running  westward 
to  the  Columbia  River.  In  a  dish-shap^  valley  and  some  30  miles  from  the  mountain 
lies  Walla  Walla,  on  both  sides  of  the  creek.  Its  population  is  some  3,000.  It  is  a 
place  of  large  business  in  all  branches  of  trade,  and  is  the  objective  point  for  the  tor- 
rent of  emigration  at  present  heading  for  the  Pelouse  County. 

By  irrigation  the  soil  gives  evidence  of  great  fertility,  producing  not  only  small 
grain  but  the  best  of  all  sort«  of  vegetables  and  the  finest  com,  probably,  west  of  the 
Mississippi  Valley.  Fruit  is  also  in  abundance,  of  fine  quality,  not  only  apples,  pears, 
and  the  like,  but  also  grapes.  The  city  is  regularly  laid  out,  and  both  as  U*  extent  of 
squares  and  ornamentation  is  not  unlike  the  best  settlements  of  Mormondoiu.  The 
streets  are  planted  with  Lombardy  poplars,  which  have  made  a  rapid  growth  and  con- 
tribute much  both  to  the  appearance  and  the  comfort  of  the  place.  They  have  been  irri- 
gated up  to  the  present  time,  but  it  is  believed  that  they  will  eventually  root  deeply 
enough  in  the  loose  soil  to  secure  sufficient  moisture. 

METEOROLOGICAL  COXDITIONS. 

Three  weeks  were  occupied  iu  the  determination,  in  latitude  and  longitude,  of  this 
station,  from  August  8  to  August  29.  There  were  many  electrical  phenomena  and 
some  clouds  to  occasion  delay,  but  there  was  no  rain,  nor  had  there  been  any  to  bless 
this  land  of  dust  since  the  March  previous. 

Observations  were  made  August  10,  12,  13, 14, 16,  18, 19,  24,  and  25.  The  15th,  17th, 
20th,  21st,  22d.  and  23d  were  cloudy — a  week  out  of  three,  yet  no  rain.  The  night  of 
August  22,  while  loitering  at  the  observatory  tent,  waiting  for  the  clouds  to  disperse, 
a  "  Chinook"  was  felt,  but  it  was  of  brief  duration.  The  "chinook"  is  a  hot  wind 
that  comes  from  the  sea;  it  is  common  in  winter,  and  is  particularly  remarkable  for 
the  rapidity  of  its  softening  action  upon  the  snow  and  the  frost-locked  land. 

TELEGRAPHIC  COMMUiaCATION. 

The  connection  was  made  with  the  Ogden  Observato^  by  way  of  Boise  City  and 
Winnemucca.  That  portion  of  the  line  between  Walla  Walla  and  Winnemucca  was 
Ux  charge  of  Professor  Speed,  it  having  been  but  recently  put  in  order  for  military  pur- 
poses. It  was  a  perpetual  source  of  delay  and  worry ;  men  had  to  be  kept  out  con- 
stantly looking  after  it.  The  poles  were  rotten  and  gave  way  daily  from  one  cause 
or  another  and  the  wire  was  seldom  or  never  working  12  hours  consecutively. 

Length  of  circuit  about  989  miles. 

METHOD  OF  OBSERVATION. 

Observations  were  made  with  eye  and  ear,  Mr.  G.  M.  Dunn  recording,  and  giving 
other  efficient  service  in  addition  to  his  meteorological  observations.  The  chronome- 
ter for  exchange  of  signals  was  taken  to  the  telegraphic  office,  distant  some  three 
squares. 

INSTRUMENTS. 

Z.  M.  (Wiirdemann,  No.  16).  This  instrument  is  old  and  much  worn,  and  if  at  its 
best  would  be  too  small  for  latitude  work  in  the  atmosphere  of  Walla  Walla. 

Chronometer  Negus  No.  1511  was  used  and  had  a  very  fair  rate,  despite  the  neceesa- 
rily  rough  usage  it  received  in  the  stage  trip  from  Redding  to  Roseburg. 
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Observations  and  compi^tations  for  latitude,  Walln  WaUa^  Wash. 
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I    !   a 
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N.        8. 
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Obtervations  and  computations  for  latitude,  Walla  Walla,  Wash,  Ter, — Continned. 
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Ohaervationa  and  compufationa  for  latitude,  Walla  Walla,  Wash,  Ter, — Continned. 
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I 


23      '  16 
15      !  23 


24.5 

ii" 


46    3  48. 1    +0    9. 5  1    —0. 4  I 
+  2    3.1  0.0  I 


14         46    1  53. 9 
24.' 5" 


16. 5     22         46  11  65. 8  i-  8    3. 3 


23. 


20.5 
18 


22.5 


15.5 


+9.7  ' 


+0.5 


I  45  64  16. 5  1+  9  38. 0 

1  46  55  66. 1  '-f  8    3.6       -fO.5 

+^.i 


18.       46  17  24.4-13  28.0 

18.5 


11      •  28 


16.5  !  46  15  1.1     -U    1.0  '     -4.0 


22.5 
11 


15.5 
21 


16. 5     45  48  49. 3  +-15  12. 0  I     -4. 0 
28 


I 
46  17  34.3-13  40.9       -2.0 


23         17 
15.5     24 


21.5 
16.045  !  15.6 


15.355     21 
18. 875  ,  14 


45  66  28.6  j+  7  28.7 

46  3  48.4+-0    8.1 


-0.9 
-L8 


18        46    134.8  -I-  2  22.6       -3.1 

25.  a .  I  I 


463  56.7 

3  57.3 
3  57.1 
3  64.6 
3  55.4 
64.2 
3  57.3 

60.9 

3  54.3 
3  53.0 
3  66.6 
3  57.2 

3  67.0 

3  63.2 


356.9 

00.2 

3  66.8 

36&1 

3  67.3 

3  6L4 

8  65.8 

3  54.7 

3  54.3 
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ObservoHona  and  eomputaHoM  for  JaUtude,  Walla  Walla,  Wash,  Ter, — Continued. 


Date. 


II 


August  21, 1878. 


August  23, 1878. 


I 


7614 
7637 

7606 

7608 

(  7721 

,7731 

•!  5874 
5037 

5972 
6005 

1  (»)  I 

(*)  I 

6100  ' 

,  6162  I 

I  <'>^ 

6218  i 
6258  i 

I 

'  (..)  I 

6300 

i  6391  I 

6410 

6452  , 

I     1 
6780 
6777  I 

'.81.! 


'  6870 
6905  1 

'  6030  I 
,  6057 

6000  \ 

7035  I 

I  7055  I 

,  7008  i 
I  7162  j 

7166 ; 

7213  ! 

7207  1 
-  7332 

I74.1J 
'  7462  < 
I 

I  7488 
.  7480 
I  7521  I 

I  7555 

I  7566  1 
I     I 
,  7614 
I  7637  I 

,  7608  ' 
I  7721  I 
,  7731  i 


12.225 
24.025 

0.810 
12.175 
24.170 
24.000 

4.050 
20.105 

27.630 
6.760 

18.355 
22.045 
16.750 
15.600 

11.355 
2a  020 

15. 415 
15.830 

22.160 
5.813 

22.220 
8.530 
6.075 
ia268 
16.640 

a  825 
23.170 

0.130 
ia250 

21.240 
ia260 

12.828 
24.200 

24.715 
16.455 
60.600 

25.010 
a455 

6.116 
2a  413 

5.670 
26.013 

0.480 
20.455 

24.173 
0.050 
ia640 

15.700 
iai70 

0.620 
21.635 

11.400 
23.358 
23.200 


LeveL 


2f. 


18 

ia5 


12.5 
24 


10 


21 


18 


m  d 

11 


Corrections. 


.  Latitude. 


Micr.and 
I     refr. 


15.5  ;  17 


16      :  17 

6      I.... 


o     /      «  /        " 

46  11  56.1  -  7  67.0 

45  54  la  8  -f  0  4L  6 

45  55  6a4  +7  6a0 

46  14  45. 7  -10  63. 0 
46  17  5a  1  -14  a  2 
46    4    1.8-0    0.2 


21         12 


la  5  :  18 
20.5  I  12.5 


46  17    4. 1    -13  12. 4 

46  4   a8-oia8 

14. 5  ,  10      ,45  52  54. 7  -|-11    2. 0 
46    7  22.0   -  3  31.1 


14         10 
2L  5     12. 5 


24      :  10.5 


24         11 


15      '  20 

25  !  11 

ia5  I  22 

26  0 


ia5 

14 


46  13  3a  8  -  0  4L  0 
46  75a3-4  7.0 
4557  a8  +  644.2 
45  56  la  4   4-  7  40. 6 


14.6  1  20.6     45  58  22.2    +  5  20.8 

25      I  15      I 


21      I  15 

10      .  15. 5 

18      I  18 

22.5  I  13 


20 
12 


20.5  '  15 
10. 5  ,  16 


20      ,  16 
20.5  I  15 


24        12      I 

la  5  I  la  5  1 


18 
12.5 


15 

ia5 


46  15    1. 7   -11  la  5 

45  48  5a  1   +15    ai 

46  17  34.0   -13  4a0 

45  56  2a6  '+  7  24.5 

46  34ai  ^  0    L2 

46  1  35.4  +  2  lao 
46  115a7  -8  a6 
45  55  54. 1     +7  57. 5 


LeveL  [  Herid. 


-a  4 

[-3.2J 
[-3.2J 

+4.li 

-fL6 

4-2.0 

I 

I 

1 

4-2.0  ; 

4-1.4  I 

I 
4-3.2, 

[+3.0] 


I 


[+3.0J. 

I 

4-a2  . 

4-3.1  |. 

4-a4  . 

I 

4-1.4  |. 

i 

4-3.4!. 

4^4  .. 
4-2.0 

I 

4-3.2  ; 

I 

j 

4-a2  ' 
-Hi' 

4-3.4 


I 


46  3  64.8 

8  5a2 
3  52.1 

3  55.0 

3  5a& 

3  55.5 

3  5a7 
35a4 
3  50.0 
3  53.0 

3  52.» 
35a6 

3  5ai 

3  57.4 
3  5a4 

3  64.6 
8  5a6 

3  5a» 

3  5a3 
8  6a7 

3  55.5 
3  54.2 

463  sao 
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Obiervatums  and  oamputationa  far  latihtde^  Walla  Walla,  Wa$k,  TVr.— Continued. 


Date. 


S  « 


H 

5^ 


August  23, 1878. 


7746 
7770 


27.055 
6.953 


Level. 


N. 


24         12.6 
16. 5     19.  5 


3J 


46  17  25. 2 


CorrrctionB. 


Micr.  and 
refk". 


LeveL  '  Merid. 


Aueuftt  24, 1878 '  6218         14.375     18      ,14 

6246    17.050  i 

'  6258    14.710  18   '  16 


-13  34.1  I  -fai 


46  4  55. 9  -1  LO   +2. 2 


'  C) 

:  (•) 

6316 

,  (U) 

1  ^'^ 

.  (10) 

6391 

6390 

6419 

;  6452 

1  <"> 
6498 

('•) 
I  6530 

I  0^1  . 
I  6581 

,  6629 
,  6648 

6681 
I  6698 

;  (") 
I  6722 

I  6748 
6771 

6780 
'  6777  I 

!  6810 


6879 
6905  - 


I  6957 

'  6990 
I  7035 
I  7055  , 

I  7098 
7152  , 

t  7166 
I  7213  ' 


21.180  45  53  47.6  ;-|-10  7.0   +2.5, 

21. 680  '  15. 5  18  I        I       I 

10.250  

3.  726  22    12.  5 

5.355  


22.750  .... 

9.070  

7. 455  14 

18.755  25 

17.125 


46  7  22.2  -  3  29,9   4-3.6 


80 
9 


I 

26.078  46  13  13.3 

4.140  

4. 100  ,  17    18 
25i295  20    14 


9  21. 2  '    +1. 8 


14.590     20      '  15 
13. 435     19. 5     15 


46    4  37.4         0  46.8  '    +3.4 


19. 560  '  21 
8. 480     19. 5     15 


14 


46  11  19.4 


8.643     22 
14. 155     18 


17.060 
15.878 

21 
18.5 

14 
16 

4.  .535 
21. 120 

las 

23 

16.5 
12 

6  470 

20.790 

10.250 
16.290 

15 
22 

20 
13.5 

13. 5     45  50  31.  6 

17 


46    4  39. 7 


46  13  31. 0 


46    7  5a6 


I 


+3.8 


19.  918  '  15.  5     19.  5     45  57    9. 1 

9. 895  22         13 

10. 030  20         15 

2L  405  I  19  I  16.5  , 

15. 820  14         22 

12.520  I 

12. 770  I  25.  5     10 


+  4  23.7  +3.4  ■ 

-  0  47. 9  I  +3. 4    . 
+  1111.7,  +4.7  |. 

-  9  40.0  '  [+3.0]  . 

I  I 

-  0    4.6  ,  +L3  I. 

I  I 

+  6  45.9  '  +1.8    . 


45  56  13.7 


45  58  22. 4 


24. 440     15      '21       '  46  15    2. 0 


7. 070     26 


2.640  ,  19 
24.900  '  20 


10 


16. 5  ,  45  48  50. 2 
14 


+  7  40.7       +2.7  I 
+  5  3L  1  !     -+2. 7 


or 


+3.6  I 


+  15    L5  !     +3.1 

f 


Latitude. 

O       /      " 

463  54.2 

3  57.1 

3  5^1 
3  55.9 

463  53.9 

3  54.6 
3  54.5 
3  58.7 
3  5&2 
3  57.7 
3  54.6 
3  55.3 
3  56l8 
3  57.1 
3  56.2 

(?) 
46  3  54.8 


tVar  some  complicated  error;  per^japa  7.930  should  be  the  roadln}<  for  7152;  which  gives  3'  56".9. 
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1995 


I 


I 

s 


-S*  I    5  ! 

111     I  j 

pa 

}Z5       I    ;z5  ' 


Latitude. 


1 1 

2 '  2  I 

3 j  2  I 

4 i  1  , 

5 3 

6 3  ! 

8 '  1 

9 1  2 

10 1  6t 

11 !  2  I 

12 1  4  I 

13* I  4  , 

14 4 

16 1  3  i 

16 5  , 


46    3 


52.6 
55.20 
52.95 
54.0 
54.60 
53.77 
55.25 
1.2!j 
58.50 
55.54 
53.00 
5.5.20 
55.32 
57.45 
56.20 
55.72 


5  . 

ii  ' 

i 

ii 

1 

Latitude. 

eciion  to 
rometer. 

E—         ' 

g 

1  s 

;* 

s 

t^ 

o  B        1 

t   a 

d 

■   as 

U*' 

o 

!  ^ 

^ 

t 

1 

o 

, 

fi 

-0.43' 

17. 

.' 

3 

2, 

46 

3 

54.30 

+  0.87 

+  0.97 

18. 

1 

2  ' 

57.6 

--  0.85 

h  1.27  t 
-  L81 
h  0.06 

19. 
20. 
21. 

5 

5 
5 

2  1 
2 
2  1 

55.36 
58.12 
57.30 

+  0.36 
—  0.61 

—  0.69 

-  1.19 

22. 

5 

3 

57.78 

—  0.50 

-  0.06 

23. 

6 

•> 

55.38 

-f  LOO 

—  0.11  ' 

24. 

2  1 

56.88 

—  L36 

—  0.95 

25. 

2  ! 

53.40 

4-  L23 

--  0.36 

26. 

2l 

56.62 

—  0.67 

--  1.06  1 

27. 

3  1 

55.32 

—  0.01 

--  0.06  , 

28. 

3  1 

56.02 

—  0.21 

4-  0.67  . 

29. 

2  , 

54.82 

-f  0.72 

—  0.40  • 

30. 
31. 

J 

4  ' 
2 

46 

3 

56.42 
5a  40 

—  0.84 

-}-  0.06  1 

+  L21 

->.«!| 

^Obserration  of  August  13,  excluded. 

FINAL  LATrrTDE. 
40O    2/    55".89  ±  0".16. 

TADI.E  OF  WEIGHTS. 

2  stars,  1  obs 0.5 

2ob« 0.75 

3-4}obs LOO 

\  **;" o  ^if«^•>♦««M.a..,.»..«««.^I>itt»ini8hedinabovcp^o- 
5sto:::::::;;::;;:;;  1^  ^f«'^3^**»^'^'**^«^{       portion  for  less. 

ASTRONOnCAL  STATION  AT  THE  DALLES,   OREGON,  1878. 
GEOGRAPHICAL  POSITION. 

Latitade,       45°  36'  17".78. 

Longitnde,  121°  VI'  20".47. 

Barometric  altitude  of  observatory  above  sea-level  (mounment)  179.6  feet. 

The  point  selected  for  the  determination  in  The  Dalles  was  on  the  bluff  of  the  lava 
bed,  under  the  shadow  of  which  are  the  Steam  Navigation  Company^s  offices  and  work- 
shops. 

The  pier  was  of  cemented  brick,  and  in  a  position  aot  likely  to  be  disturbed,  unless 
by  some  irrational  wantonness.  From  here  one  can  not  only  overlook  the  whole  city, 
but  have  an  unobstructed  view  of  the  lofty  and  snow-covered  cone  of  Mount  Horn! ; 
and,  but  for  a  mountain  ridge  just  acrQss  the  Columbia  River,  Mount  Adams  would 
also  be  visible.  From  the  pier  the  northwest  corner  section  3,  township  I  north, 
range  13  east  bears  N.  33°  W.,  distant  M\  feet;  and  to  the  south  side  of  Main  street, 
if  it  were  prolonged,  the  distance  is  81^  feet.  (See  plate  herewith. )  The  meridian  was 
marked  on  the  north  near  the  bluff  facing  the  Columbia  River,  by  an  ii-on  pin  driven 
into  the  ground  and  then  covered  by  a  conical  pMe  of  rocks  6  feet  wide  and  4  feet 
high ;  southward,  on  a  large  uatural  mound  (which  was  once  a  part  of  the  military 
reeeryation  of  old  Fort  Dalles),  it  was  indicated  in  the  same  way. 

DALLES  CITY  AND  SURROUNDINGS. 

The  Dalles,  or  Dalles  City,  in  the  language  of  its  incorporation,  is^situated  at  the 
mouth  of  Mill  Creek,  a  very  considerable  distance  below  the  main  part  of  the  rapids 
of  the  Columbia  River,  from  which  it  takes  its  name.  It  is  a  strangely  selected  spot 
for  a  city,  for  what  is  not  lava-bed  is  for  the  most  part  sand.  Once  there  was  a  level 
and  fertile  valley  between  the  city  and  the  foot  of  the  rapids,  but  this  is  now  almost 
entirely  covered  with  sand  dunes.  The  wind  that  pours  up  the  caflon,  that  sets  in  at 
the  mouth  of  Mill  Creek,  like  water  through  a  funnel,  is  apparently  the  cause  of  all 
this  sand  in  and  about  the  city.  Despite  the  forbidding  character  of  the  location. 
Dalles  City  is  a  picturesque,  go-ahead  town,  having  many  tine  stoivs  and  pleasant 
residences  with  their  charming  fruit  gardens. 
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METEOROLOOICAL  CONDITIONS. 

It  took  no  less  than  four  weeks  to  complete  this  station,  from  August  29  to  September 
25.  Aixangements  for  observations  were  ready  on  the  30th.  September  1,  however, » 
violent  wind  carried  everything  in  the  shape  of  tent  and  other  equipments  to  the 
ground,  making  it  necessary  to  put  up  a  substantial  frame- work. 

Observations  were  made,  or  it  was  possible  to  make  them,  September  2,  3,  4,  5,  6,  7, 
8,  and  9,  although  there  was  much  embarrassment  from  the  wind. 

From  September  10  to  19,  inclusive,  the  atmosphere  was  so  full  of  smoke  driven  frt>m 
the  burning  Cascade  Mountains  that  no  observations  could  be  made.  A  few  of  the 
very  largest  stars  could  sometimes  be  faintly  seen.  During  this  time  the  sun  waa 
stripped  of  its  power  and  stood  in  the  heavens  as  a  great  blood-red  raylees  orb ;  the 
moon  had  the  same  general  appearance  by  niffht ;  the  wind  blowing  all  tne  while  east- 
ward and  sometimes  violently.  From  the  19th  to  the  25th  the  weather  was  for  the 
most  part  favorable,  if  the  wind  be  excepted. 

TELEGRAPHIC  COMMUNICATION. 

The  Western  Union  Office  and  that  of  the  Oregon  Steam  Navigation  Company  not 
being  connected  in  Portland,  an  effort  was  made  at  first  to  get  Ogden  by  way  of  Walla- 
Walla,  Boise  City,  and  Winnemucca.  The  most  patient  perseverance  for  many  nights 
brought  success  but  once  in  this  direction,  September  5. 

The  offices  in  Portland  having  been  connected,  the  rest  of  the  signal  exchanges  were 
made  by  Portland  and  San  Francisco,  that  circuitous  but  expeditious  route. 

Length  of  circuit  via  Walla- Walla,  about  1,144  miles;  via  Portland  about  1,500 
miles. 

METHOD  OF  OBSERVATION. 

Mode  of  observation  the  same  as  at  Walla-Walla ;  that  is,  eye  and  ear.  The  chro- 
nometer did  not  have  to  be  taken  so  far,  but  the  climbing  up  and  down  the  blaff  was 
anything  but  a  safe  or  pleasant  operation. 

INSTRUMENTS. 

Instruments  the  same  as  at  Walla-Walla.  No.  16  is  an  old  instrument  and  has  been 
put  to  much  service  in  many  places,  but  the  roughest  usage  it  ever  had,  it  received 
probably  from  the  wind  and  sand  of  Dalles  City,  Oregon. 

Tdbuiaiion  of  stars  used  for  determination  of  time  at  Ogden,  Utah,  and  The  Dalles,  Oreg. 


Name  of  star. 


o  Hercnlis 

A  Heronlis 

204  Heis  Hercolii) . 

K  Lyrae 

lOQHerculiH 

X  Draounis 

9  Hels  LywB  . . . . 
11  Heia  Lyr» 

3  HeiaScuti  .... 

a  Lyno 

Groom.  2655... 
110  Herculia 

fi  Lyr» 

o  Sagittarii 

S*  Lyne 

Y  Lyraa 

lOLyr 


C  AquUffi 

I  Lyne * 

25  aev.  Camelopard.,  S.  P  . 
19  Ly«B 

6  Draoonia 

0  LywB 

T  Draconia 

i  Aquila) 

4  CyRnl 

PCygnl 

K  Aquilfe 

9  Cygni 


Ogden. 


The  DaUea,  Greg. 


ISIS 


I 


Iti 

J5 

^ 

S 

SS 

■*i 

^ 

^ 

^ 

^ 

1 

1 

1 

1* 
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Tabulation  of  stars  used  for  determination  of  time  at  Ogden,  j-c. — Continued. 


Ogden. 


The  Dalles,  Oreg. 


Xame  of  star. 


p. 


^  Cvgni 

28  ^eisCygni.. 

Y  Aquilffi  ...., 

«  Aqnilffi 

«  Draconts 

y  Sagitt® 

r  Aqailse  . 

#  Aqailie 

«»  Capricomi  . 
H,  Cephei 

Y  Cypi 

c  Delphini  .... 

Groom.  3241 

1Z  Draconis 

«  Cygni 


I 


•d  5; 


^     I    S^ 


-I- 


PlXX,358 X      

32  Valpecoke x     I ; ! I 

Br.2749. x     ; t I \ x 

411  Cyioii,pr ' j - x 

PtXXI,! I     X     J I ' i 

77  Draoonis ;     x I 

^  CygBl  I ! I I X 

«  Cephei , I     X 

1  Pegasi I     X     j 

PLXXI,120 X     I 

TOCygni x      

fi  Aquarli 

Grooin.3511 x     ' 

t  Aqnaiii \ 

«  Pegaai '     x 

11  Ophei 

M  Capricomi j 

1«  Pegasi 

17  Pegasi 1 

'79  Braoonia 

20  Pegasi 

A  Aqiuuii 

27  Pegasi , I 

w  Pegasi ' 

24  Cephei I !     x 

1  Lacertn 

31  Pegasi 

88  Pegasi 

Groom.  3804 '.... 

PLXXLLISB 

ai  Cephei : 

i|  Pegasi j... 

A  Pegasi 
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i 


H 
-<1 


C4 


i 


0.84 
0.05 
0.62 
1.27 

LI.  31 
10.75 
0.80 
11.20 
1.00 
10.82 
0.74 
LI.  02 

I 

1 

5  o»  o»  «d  g  od  rf  c4 


^8  Sc5       53 


+  I  I  M  ++ I  I  I  I  I 


-H-H-7-H-I-H-I  + 


*d©©G>dc>©G>dddG5 

-Hh-f-H-H-l  MM 


HP4pq»^pq»^'^'^'^'^' 


s; 

>»&• 


iiiillallltl 


C* 
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^Sd.812. 


«Sd.806. 


•Sd.848. 


•Sd.023. 


'Sd.1364. 
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APPENDIX    0  0. 

Ohservatums  and  oampuiaUona  for  laUtude,  of  The  Dalles,  Oregon, 


2015 


Date. 

1 

Level. 

^§ 

K. 

S. 

Micr.and 
refr. 

LeveL 

{Merid. 

Latitude. 

8«pteiiiber5,1878.... 

6246 
6268 

5.845 
26.658 

19.5 
9 

12 
22 

o    /     // 
46  22  18.6 

+14    2.0 

// 
—2.0 

O      '       « 

46  36  10.4 

6835 
6357 

25.520 
8.468 

17 
18 

15 
18 

45  47  48.9. 

-1130.6 

-LI 

17.2 

6372 

13.370 
10.785 

16 
14.5 

15 
17 

46  38    2.6 

-1    44.7 

-0.6 

17.4 

6427 
6463 

.3.490 
23.396 

17 
9 

15 
23.5 

45  40  46.8 

-13  26.2 

-4.5 

15ul 

6522 
6556 

20.765 
12.300 

15.5 
13.5 

16 
18 

46  42    8.9 

-642.8 

-L8 

10.3 

6599 
6623 

21.095 
14.773 

16.5 
12.5 

15 
10.5 

45  82    5.9 

+  41&0 

-2.0 

10.0 

September  8,1878.... 

& 

19.880 
14.360 

16.5 
20 

18 
14 

45  39  68.0 

-  3  48.6 

+L6 

16.0 

6335 
6367 

24.595 
7.440 

14.5 
19 

20 
16 

45  47  49. 0 

-1134.8 

-0.0 

13.3 

6427 
6463 

6.425 
26.485 

13 
26 

22 
0 

45  49  46. 0 

-13  32.4 

+2.0 

16.6 

6522 
6656 

19.760 
11.135 

19 
20 

16.5 
15 

45  42    4. 0. 

-  5  40. 3 

+2.7 

17.4 

6599 
6623 

21.055 
14.870 

16.5 
21.5 

10 
14 

45  82    6.0 

+  4ia5 

+L8 

V 

18.3 

6691 

31.755 
2.195 
1.055 

20.5 

15 

46  66  17. 0 

-20    2.0 

+L3 

16.3 

17 

10 

6730 
6734 
6769 

2L260 
20.070 
10.180 

46  43  17.8 

-  7    4.4 

+3.2 

16.6 

• 

17.6 
22.5 

18 
13 

6780 
6784 
6800 

6813 
6824 
6866 

12.505 

13. 795 

•     27.640 

29.725 

24.825 

*-  0. 700 

16.5 
21.5 

19 
14 

45  80  44.1 

46  24  20.6 

+  632.6 
+1147.2 

+L8 
+L4 

18.6 

1 

18 

18 

18.2 

20 

16 

6881 
6918 
6950 
6986 
7022 

7029 
7060 

30.080 
19.735 
2.255 
7.285 
12.670 

18.275 
9.330 

21 

16 

46  41  14.3 
46  80  16.7 

-4.68.0 
+  6    2.8 

+2.2 
+L6 

17.6 

18 

18 

19.5 
19 

17 
17 

20.6 

7064 
7103 

12.920 
ia675 

18 
19.5 

18 
17 

45  82  27.0 

+  8  40.0 

+0.0 

16.0 

7153 
7167 

7218 

15.330 
15.410 

15u590 

18 

21 

(10 

121 

18 
16 
18 
16 

45  86  16.1 

-  0    2.0 

+-2.8 

16.4 

7332 
7336 
7337 
7366 

7373 
7401 
7453 

&360 
19.290 
19.410 
2a  240 

10. 475 
20.305 
10.035 

20 

18.5 

46  82  40.3 
45,42  60. 8 

+  824.6 
-  6  47.0 

+L3 

+a.6 

16.1 

10 

18 

?.... 

19 
13 

46  36  16.4 

*Beadi]ig, -1+.700. 
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2016        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

OhservatioM  and  computations  for  latitude  of  The  Dalles,  Oregon. 


Date. 


September  6, 1878. 


September  7. 1878. 


Si 

r 


7505 
7580 

7SM 


7614 
7W« 
7«7« 


&156 
20.855 


LeveL 


N. 


18.826   \^ 

a  400  18 
27.860  ,  25 
1L360  I     ... 


2L5 
12 
22 
12 

19 

13 


7740  I   27. 060  21 
7753  ;   8.  MO  20 


7770  i 
7820  I 


2.045  I  18 
2L655  '  24 


7888  '      2a455     20 
7917  I*-  0.440  ,  21.5 


7005  , 
8028  ! 


14.040 
14.570  521.5 


17.5 
1&5 


18 
1&5 


27.710  22   i  16 

.1     ' 


8059    20. 965  17  \  21. 6 
8076     6.  425  26. 5  I  12 
t8082    25.720  16   122.5 


8114 


8.280 


.1. 


8125  ,   20. 220  I  18. 5  1  20 
8135  I   10. 840  23    15 


oi 


CorrectionB. 


Mior.and 
refr. 


45  40  50.7 

45  48  48.7 

45  48  28.3 
45  36  86.6 
45  55  7.9 
45  40  29.0 

45  4144.7 


-  4  38.0 

-  7  8L6 

-12  18.9 
-0  20.7 
-18  64.6 

-  4  15.4 

-  6w32.0 


45  42  82. 5   -  6  19. 9 


8153 
8160 

(») 
6223 


I  , 


:t20.485     10  '  19.5  '  45  36  44.9   -  0  3L2 

16. 255  .  22. 5  15. 5  I                      I 

20. 350     19  '  18      ,  46  89  6&  1  I-  8  46. 6 

14.755     20.5  I  16.5 


6255         23. 708  ,  21. 5 


(•) 

6335 
6357 

6872 
(») 

6427 
0463 

6468 
6406 


6556 


6717 
6718 

6741 
6745 

6780 
6784 
6800 


6813 
6324 
6856 

6881 
6018 


12.095     20 


23.  755  ;  18 
6.585  !  22.5 


13.350  '  20 
10. 635     21 


5, 130     19. 5 
25. 205  I  21. 5 


12.905     18 
24.780     24 


23.065     18 
14.415  ,  24 


ia560  '  19 
7. 300     18 


16.080  ' 
18.  610  I 


17.5 
16.5 


17.5 
16 


46  44  6.0  -  7  50.8 
45  47  49.1  j-11  35.4 
45  38    2.8-1  50.0 


46  49  4&1 


19. 5  I  46  44  16. 0 
13 


-13  38.0 
-  8    0.9 


19        45  42    4. 2   -  5  60. 3 
13.5  I 


19 
19.5 


24.  560  '  17 
9.435  I  21 

11. 865     19 
13.210  1  1&5 
27.060    


28.665    

28.420  ,  19 

23.430    

§-3. 375     la  5 

I 
8L350   (18.5 


21.040  )20 

6950  I  3.535  (18 

6086  8. 595  ^20 

7022  I  14.020  


19 
19.5 


18 

ii'.h' 

19.5 
18 
20 
18 


45  32    6.2 


4-4  13.5 


45  84  35. 8 

+  1  42.5 

45  46  29. 2 

-10  12. 6 

46  30  44.3 

+  5  34.9 

46  24  24.8 

+1164.4 

45  41  14.2 

-  4  67.0 

LereL  I  Merid. 


Ltttitade. 


+4.0 

+2.2  '. 
+8.2,. 

! 

+2.7  j. 
+8.2  I. 

+3.2 

+2.3 

+2.3 
+1.8 
+3.1 

+2.3 

+2.6  j 

+2.7  I 

+3.4  1 

I 

+3.4  I 

-0.6  i 

-0.2  ' 

0.0 
-0.4 


0.0 


-H).2 


45  96  1&1 


46  36  17.4 


Probably  0  440.      8082  in  error ;  oannot  find  what  the  error  is.    X  15'.48&     $  Should  bo  -2*  +.876. 
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APPENDIX   0  0.  2017 

Observations  and  computations  for  latitude  of  The  Dalles,  Oreg, — Continned. 


Date. 


I 


9  bC 


Level. 


N. 


ii 


Wt3 


Corrections. 


Micr.  and  I  y  ^^*.i 


Merid. 


Latitude. 


September  7, 1878... 


7029 
7060 

7153 
7167 

7218 


7832 
7336 
7837 
7365 

7373 
7401 
7453 

7605 
7630 
7600 

7614 
7646 
7676 

7718 
7721 
7731 
7736 
7755 

7770 
7820 
7860 

7888 
7917 


September  9, 1878....  1    (*) 
6372 

6391 
6390 


6428 


6556 

6599 
6623 

<•) 
6690 
6691 

6717 
6718 

*6734 
6769 

6780 
6784 
t6800 


6813 
6824 
:685« 

6881 
6918  I 
6959  I 
6986  I 
7022  , 
*  Error  of  5Mn  this 

127  E 


1&780 
9.890  ' 


15.830 


09.5 
15.970  !U8 
16.020  !{JJ 

8. 095  '  21 
19.015  I  20.5 

19.115  ' 

19.840  I 

11. 895  I  19. 5 
2L 156  I  21. 5 
10.920  I 


6.220  I 
1&850  I 
17.885  ' 

&225  I 
27.495  I 
11.035  ' 

2.416  ' 
19. 096  I 
ia950  ' 
22.270 
27.620 

17.000 
17.440 


21 


19.5 
21 


21 
20 
10.405  ;  20.5 


30.966 
8.000 

28.877 
22.105 
19. 510 

5.824  !.... 

3. 260     19 


2L6 
20 


19 


2L  610 
13.610 

22.300 
13.720  I 

17.370  1 
11. 140  I 

83.860 
4.385 
4.148 

14.135 
16.706 

18.963 
14.205 

11.150 
12. 465 
21.345 


16.5 
19 


21.5 
13 


10 
20.5 


16.5 


16.6 
21 


20 
17.6 


15 
2i"6' 


15.5 
24 


46 


/      // 
80  16.9 


45  36  16.8 


46  32  49.5 


45  43    0.1 


45  40  6L0 


46  43  44. 0 


45  86  12. 9 


46  38  49.8 


+  6    0.0 
H-  0    L8 


+  326l4 


-  644.9 


-436.7 


-  7  27.1 


+  1    4.3 


-  2  3L4 


29.980 
29.725  I  20.6 

24.725  1 

i~  60. 615  I  14 


16.5 


45 


45 


45 


45 


45 


45 


45 


45 


46 


55  8.2. 
47    3.0 

41  39.0 

42  4.6 
32  6.5 
66  17.5 

34  3&2 
42  54.6 
30  44.6 


45  24  26.2 


45  41  15.0 


-18  52.2 
-10  46.4 

-5  20.0 

-  5  47. 5 
+  4  12.3 
-19  56.6 

+  1  44.1 

-  6  34.8 
+  6  34.3 

+11  56.1 
-456.2 


29.795    

19.490  I  19 

2.005  I 

7. 116  I  16u  5 
12.500  I 

pair.       1 6800  should  read  2^.846.      ;6866«hM]ld  read -1'  +  .  615. 


+L4 
+-0.1 

+L6 

+L4 
+1.1 
+-0.9 
+0.8 

+0.4 

+0.7 
+-L6 

-0.7 
-0.9 
-0.7 
-2.0 

-2.2 
-L8 
-0.7 

-L8 
-1.3 


45  36  1&  3 
18.2 

17.5 

16.6 
16.4 
17.8 
l&O 

18.8 

16.7 
18.2 

18.3 
l&l 
18.1 
17.0 

lai 

17.9 
18.2 

19.5 
45  36  1&  6 
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2018  REPORT   OP   THE   CHIEP   OP   ENGINEERS. 

OhaervaHons  and  computations  for  latitude  of  The  DallcSf  Oreg. — Coiitinned. 


Dat«. 


September  9,  1878.... 


September  17, 1878. . 


i- 


7029 
70«0 

^7064 
7103 
7105 

7153 
7107 
7218 

7382 
7330 
7337 
7305 

7378 
7401 
7463 

7505 

t7530 

7550 

C) 

7814 
7040 
7070 


7749 
7758 

7770 
7820 
7850 

07888 
I  7917 

I  7995 


!  8059 
I  8070 
I  8082 

8114 
I 

8125 
\   8135 

,  8153 
8150 

0335 
0357 

0372 

0391 
0390 

0427 
0403 

0408 
0477 
0490 

0522 
0550 


'I 


20.435 
1L470 

13.470]' 
19. 287     18 
19.300 


Level. 


N. 


19 
18.5 


19 


15.850 
10.050 
10.045 

&590 
19.000 
19.790 
20. 445 

18.880 
28.400 
1&355 

7.175 
24.070 
ia810 
17.850 

0.905 

20.085 

9.580 


Lost. 


25.045 
7.505 

17.330 
17.740 
10.080 

29.195 
2.290 

11.330 
31.145 
24.970 

21.330 
7.020 

20.150 
&700 


19.5 

is" 


18.5 
19 


18.5 
22 


20 
23.'6 


o     /      // 
45  80  17.4 


45  30  2a0 


45  30  10.8 


Corrections. 


*"^'fr""*  ^-'■ 


Uerid. 


+  0    8.1 


0.0 


-  0    0.5       -0.9 


+  0    4.2  j     -2.2 

I 

I  I 

45  32  60.0   -h  8  3L1  ;    -8.2 


20         18 
15      I  24 


2L5 
13 


17 
25.5 


45  43    0.0 


-0  3a0       -2.5 


45  39  45. 9   -  3  24. 9       -2. 9 


•I 


18 


21 
10.5 

20.5  I  18.5 
17      I  22.5 


45  43  44.0 


45  48  29.2 
45  88  50.4 


22 
15 

[21.5 
18 
22 

19 
18 


2L093  ,  19 
12.505 


18.920 
17.700 

!  19. 490 
2.345 

22.025 

19.355 

6.055 

8.100 

8.085 
28.195 


24.5 
13 


17 
24.5 

18.6 

22 

18 

21 


-  7  22. 0       -2. 9 


-12  12.2  ^    -L3 

I 
-  2  31.3       -1.3 


45  55    &  8  —18  50.4 


45  40  29.9 


45  44  15. 3 


-1.0 


-0.2 


7  54. 1  2. 7 


21 


45  42  33.4  ,>  0  12.2       -2.7 


45  36  45. 8   -      34. 0 

I 


(?) 


12        45  47  50.0   -11  84.4      +0.7 
23.6  |. 


46  44  47.0   -  8  32.5       +0.7 


I 
18      I  19 
23.5 


13. 235     18 

10.770    

25.095     21 

20.020  '  19 
U.430     19.5 


13 
18.5 

io*" 

18 
17 


45  49  47.2   -13  34.5  ,    +3.4 

I 
45  39  27.9  -  3  10.2      +1.0 

1  .1 

45  42    5.4   -  5  47.9  '    +1.8 

! 


Lftdtnde. 


46  36  20.5 
18.0 

18.8 

17.9 

las 

18.1 
19.1 

15.7 
17.8 

1&8 


18.5 


18,5 


(») 


18.3 
15.2 


10.1 
19.8 


45  86  18.8 


*  I  have  omitted  7004;  its  result  with  7103  will  be  45o  SO'  22".4.    Perhaps  the  error  is  O'.l,  and  the 
reading  13^.570.    See  September  6.  t7530shoald  read  19^.070. 

a  Difference  increased  1'.    b  Some  great  error  in  8028 ;  the  reading  should  be  about  11'.92. 
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APPENDIX   0  0. 
DiBcusHon  of  latttude—DaUes, 


2019 


CombiDAtiim. 

of 
oba. 

No.  of 
ftUra. 

Latitade. 

1 
Ck>r.to' 
micr.   1 

1 

CombinatioiL 

Na 

of 

oba. 

No.  of 
Stan. 

Latitade. 

Cor.  to 
mior. 

O      /          n 

ti 

o     /        // 

11 

1 

2 

45  36  14.65 

+0.34 

17 

3 

5 

45  36  17.83 

+0.44 

2 

2 

19.4 

—1.26 

18 

8 

2 

19.80 

-a  34 

8 

2 

1&8 

+0.70  , 

19 

2 

3 

17.75 

—0.17 

4 

2 

15.82 

+1.04 

20 

3 

17.80 

0.00 

5 

5 

16.62 

+0.51 

21 

4 

17.17 

-0.31 

« 

2 

1&8 

+0.48 

22 

3 

17.50 

+0.60 

7 

2 

15.88 

+  L22  , 

28 

4 

ia53 

+0.38 

8 

8 

ia90 

+0.50  ! 

24 

8 

17.67 

+0.66 

9 

2 

17.78 

+0.52  , 

25 

6 

lao 

-0.10 

10 

4 

2 

1&88 

+0.38  1 

26 

2 

iai5 

+L10 

11 

2 

3 

16.65 

+  1.80 

27 

3 

ia2o 

+0.16 

12 

2 

laio 

—0.15 

28 

2 

ia5o 

+  L70 

18 

2 

3 

17.26 

+0.60 

29 

3 

ia8 

+0.38 

14 

2 

16.60 

+0.91  , 

30 

4 

17.20 

+0.60 

15 

3 

3 

laso 

-0.50  ' 

31 

A 

2 

ia7o 

+0.57 

16 

3 

4 

ia97 

— L07  1 

32 

2 

laoo 

+0.04 

Filial  latitude,  4SP  86'  17".  78  ±  0".  09. 

ASTRONOMICAL  STATION  AT  FRESNO,  CAL.,  1878. 

OEOGRAPHICAL  POSITION. 

Latitude  36^*  43'  31".  22. 

Longitude . 

Barometric  altitude  of  observatory  above  sea-level  (Lieutenant  Ludlow's  camp), 
313.7  feet. 

Discrepancies  were  found  in  the  time  observations  at  Fresno,  which  could  not  be 
cleared  up  owing  to  lack  of  time.  The  discussion  of  the  longitude  is  therefore  omitted 
in  this  place. 

ASTRONOMICAL  STATION  AT  FRESNO,  CAL.,  OCTOBER,  1878. 
GEOGRAPHICAL  POSITION. 

The  location  of  the  observatory  was  on  a  swell  of  ground  some  half  mUe  south  of  the 
town.  The  pier  was  of  cemented  brick,  as  at  the  other  stations.  There  was  no  lava- 
bed  here  as  at  The  Dalles,  nor  bowlders  as  at  Walla  Walla,  loaded  with  magnetic 
iron,  to  affect  the  needle,  the  soil  being  composed  almost  entirely  of  sand.  It  is 
seldom  possible  to  get  such  a  desirable  spot,  in  all  respects,  for  an  observatory  as  was 
here  presented.  The  view  was  unobstructed  in  all  directions,  bounded  eastward  at  a 
neat  distance  by  Moilnts  Whipple,  Goddard,  and  other  great  mountain  masses  of  the 
Sierra  Nevada,  while  westward  lay  the  Coast  Range. 

FRESNO  AND  ITS  SURROUNDINGS. 

Fresno  is  a  town  that  owes  its  origin  to  the  Southern  Pacific  Railroad.  It  is  the 
capital  of  the  county  of  that  name,  which  is  often  designated  in  California  as  the 
county  of  colonies.  The  court-house  is  an  expensive  and  showy  building,  and  stands 
out  in  marked  contrast  with  all  other  improvements,  both  public  and  private.  At 
this  season  of  the  year  there  seemed  to  be  no  vegetation  here — ^nothing  green— except 
thi^t  produced  by  irrigation. 

BfETEOROLOGICAL  CONDITIONS. 

The  pier  and  tent  were  in  readiness  for  observations  by  October  1,  and  it  was  contin- 
oonsly  clear  till  the  11th,  when  it  rained,  as  also  on  thd  13th  and  14th.  There  was 
little  or  no  wind,  and  no  dust  to  interfere,  notwithstanding  the  sandy  soil. 
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TELEGRAPHIC  COMXUmCATIOXS. 


Ogden  was  got  by  way  of  San  Francisco,  and  there  being  no  delay  in  the  nse  of  the 
wires,  longitudinal  exchanges,  with  complete  clock  error,  coold  have  been  had  every 
night  from  October  4  to  11  had  the  conditions  of  the  former  place  been  equally 
favorable. 


METHOD  OF  OBSERVATION. 


Same  as  at  other  stations. 
Also  the  same. 


INSTRUMENTS. 


The  elaborate  stone  pillars  sent  to  Fresno  for  marking  the  meridian  were  placed, 
the  one  in  the  meridian  north  of  the  pier,  jost  north  of  the  railroad  track  and  on  a  line 
with  the  first  row  of  houses  facing  south ;  the  other  about  the  same  distance  south- 
ward, and  near  a  road  leading  to  one  of  the  colonies. 

Mean  place  of  8tar$  for  1878.0  wed  for  the  determination  of  laUtiuU  of  Freeno,  Cal, 


No.  of 
p«ir. 

1 

b'jlc^^ 

A.R. 

Declrastioii. 

No.  of 
pidr. 

B.  a!c.  ^^^•^^ 

A.  R. 

1 
1 

DecliiuttioD. 

1     1 

A.  m. 

t.   o   '   "   1 

1 

h,    m. 

«.  ! 

O    »     1' 

6480   A  1 

18  52 

27  32  44  44.4          7571   A  1 

21  39 

7 

25   5   5.6 

6491  ■  A  1 

18  54 

23  32  31  23.8      |    7508   A  1 

21  42 

17 

48  44  43.8 

,1    6493"  C 

18  54 

47  ,  40  30  45.8      •    7627  |  A  A 

21  47 

81  ; 

25  21   6.8 

6074  A  A 

19  23 

38  1  24  25   8. 5  ,        (>)   i 

j 

6717  1  C 

19  30 

20  :  48  59  50. 8          7676  {  B 

21  57 

22 

52  17  40.2 

6720   C 

19  30 

52  ;  43  40  4L6 

7699  ,  B 

22   0 

13 

62  31  84.7 

6728   C 

19  32 

39  1  43  26   L6  ( 

7707  j  A 

22   1 

18  ' 

62  11  26.4 

6740  j  A 

19  34 

33  29  52  23.4 

{*)       j 

1 

6784'  A 

19  41 

48  !  33  26  40.7 

7789  >  B 

22  14 

14 

62  11  35.0 

6800   C 

19  44 

11  33   7  58.9 

7796  1  A 

22  15 

31  . 

U  35  27.7 

6817  1  B 

19  46 

26  40  17  24.3  ! 

1 

1 

6857  ;  B  - 

19  52 

59  40   2  26.7 

7798  1  A 

22  15 

41 

27  42  50.3 

i 

1 

7800  1  B 

22  15 

50  ' 

45  55  20.8 

0)   1  c 

19  58 

40  1  56  21  34.8 

1 

6868  ,  A 

19  54 

33  ,  17  11   3.6 

7833  1  (B) 

22  22 

54 

T8  29  29.2 

1 

7837  ;  B 

22  23 

10 

64  80  37.3 

!    6928  ;  A 

20   3 

1  '  52  48  26.1 

1 

i    6983  1  A 

20   4 

34  20  33  13.0 

7902 

A 

22  34 

19 

62  57   L6 

' 

7908 

AA 

22  35 

2B 

10  U  il.9 

i    6944  1  A 

20   6 

54  1  26   6  56.1  ' 

;    6983   A 

20  11 

42  '  47  20  24.4 

7967 

A 

22  45 

20 

65  88  31.5 

1           1 

7968 

(B) 

22  48 

95 

»8   9  56.6 

7041   B 

20  21 

11  1  42  12  2a0  '! 

7100   C 

20  28 

37  ,  42  46  35.2  | 

8034 

AA 

22  58 

41 

14  32  56.9 

7131  1  A 

20  32 

34  31   8  49.6  f 

35  31   5  51.5  ' 

8054 

B 

23   1 

28 

58  45  38.1 

7132  ,  A 

20  32 

1           I 

(*) 

C 

28   4 

39 

16  56   2.5 

7164  '  A 

20  36 

6  1  31  52  26.8 

8083 

A 

23   7 

25 

56  29  4L4 

7174  1  C 

20  37 

82  j  41  16  50.4  1 

1 

'             M 

8138 

B 

28  15 

15 

61  82  42.4 

7204  1  AA 

20  41 

16  33  30  50.9 

8182 

A 

23  22 

59 

12   5  15.4 

7260  1  B 

20  49 

49  j  40  14  21.4  > 

1 

1          |i 

8206 

A 

23  27 

54 

80  89   7.1 

7313   A 

20  57 

40  1  39   1  42.8 

8229 

A 

23  32 

9 

42  35  33.8 

7399 

B 

21  12 

54  34  23   7.5 

(•) 

C 

28  86 

86 

•68  50  20.2 

74U 

B 

21  15 

17  ;  48  59  4L7 

8250 

(B) 

23  87 

10 

^9  39  l&O 

7437 

A 

21  18 

20  1  23  45   2.7  , 

1           1' 

8273 

A 

23  42 

5 

67   7  44.2 

7461 

A 

21  22 

18  ;  27   4  4L0 

8331 

AA 

23  58 

8 

•6  11  16.8 

!    7480 

A 

21  24 

57  46   0  11.2  i 

I           1 

8844 

A 

23  55 

24 

60  32  86.1 

7520 

A 

21  32 

3  18  46  13.5 

8366 

B 

28  58 

48 

60  38   4.7 

7555 

C 

21  36 

41  1  54  10   4.2 

8370 

A 

23  59 

26 

12  43   Z2 

iSd.  1052.  «54*  HeU  Pegasi. 

«Gr.  3157.  "Sd.  1505. 

*D.  M.  20°.  6046.  •Or.  4130. 

For  8  uid  4  no  aooorate  positfoiu  were  HYiiilable. 


^Position  from  Ay.  64  (preliininary). 
•Position  from  mean  of  O.  and  B. 
•See  Fort  Bayard,  9. 


Digitized  by 


Google 


APPENDIX   OO. 


2021 


OhservaUoM  and  computaHons  for  laHtudtf  Fresno,  CaL 


Date. 

1^ 

LeveL 

Half  smn  of 
declination. 

Co 

rtoctions. 
Level.    Merid. 

Latitude. 

N. 

S. 

Micr.and 
refk-. 

o    #      // 

/      1/ 

i 
//      1 

o     /     // 

October  a.  1878 

6674 
6717 

8.720 
7.650 

26 

8 
25 

36  42  48.2 

+  048.3 

+0.7   

36  43  32.2 

6728 
6740 

9.200 
lfiL085 

16.5 
19.5 

17.5 
14.5 

36  39  3L9 

+  8  58.3 

+  »•*  ' 

1 

31.6 

06784 
6800 
6817 
6867 

6928 
6033 

8.110 
16.985 
16.320 

5.220 

8.018 
1L400 

36  52  22.7 
36  35  33.4 

86  41    7.8 

-855.0 
+  756.5 

+  2  17. 0 

+3.6   

+8.6    

+6.4    

3L3 
38.5 

19 
20 

15 
14 

18 
24 

16.5 
10.5 

30.2 

69U 
6983 

&850 
9.680 

ia5 

22 

17 
13 

8644    2.2 

-  033.6 

+8.8    

32.4 

7164 
7174 

14.848 
2.385 

14 
28 

21 
7.5 

3635    2.6 

+  824.8 

+^»   

32.3 

7204 
7260 

0.680 
14.820 

16 
23 

19 
13 

36  53    0.7 

-932.7 

+2.5   

30.5 

7313 
7399 

4.475 
&340 

19 
24 

17.5 
12.5 

36  42  50.9 

+  035.0 

+4.7    

1 

30.6 

7461 
7480 

23.060 
7.385 

16 

27 

20.5 
10 

36  32  52.6 

+10  34.8 

+4.5; 

31.9 

7520 
7555 

25.580 
10.195 

12 

24.5 

3638    5.8 

+10  21. 1 

+4.1    

30.5 

7571 
7508 
7627 

7676' 

1L980 
29.645 
10.120 

25.750 
4.500 

M8 
16 

18 
21 

36  59  22.8 

-15  55.6 

1 
1 
1 

r24.9] 

<Jl3 

24 

October  4. 1878 

6480 
6491 
6403 

15.340 
25.230 
7.290 

13 
25 

18 

36  34  4a9 

+  846.8 

+5.0    

3^2 

6674 
i  6717 

15.240 
14.190 

14 
22.5 

1&5 
10 

86  42  48.2 

+  0  42.5  1 

+2.9    ......... 

33.6 

'  6728 
'  6740 

12.535 
18.410 

17 
20 

16 
13 

36  39  3L9 

+  3  57.9 

+2.9    

32.7 

16784 

8.910 
22.815 
22.155 

6.080 

36  .52  22. 7 
36  35  33.5 

-856.4 
+  755.3  1 

1 

+2.9     

29  2 

!  6800 
6817 
e6857 

11 
d26 

22 
27 

+2.9    

1 

31.7 

7041 

&450 
30.840 
11.430 

9.205 

36  48  48.4 

-517.0| 

1 

-0.4    

1 

31.0 

7100 
/7131 
/7132 

,  7164 
1  7174 

23 
10.5 

11 
23.5 

20.725 
&140 

18 
16 

16 
19 

3635    2.7 

+  8  29.7  1 

1 

1 
-0.4    

32.0 

]  7204 
1  7260 

7.525 
2L600 

17 
18 

17 
16.5 

36  53    0.8 

-  9  33.7  , 

+0.5  ' 

1 

27.6 

7313 
J7399 

7.535 
8.485 

20 
17 

15 

18 

36  42  5L  0 

+  08a5  j 

+1.4    

1 

30.9 

7411 

^-  L880 

18-5 

17 

36  22  48.3 

+20  41. 9  , 

-0.7  i 

36  43  29.5 

a  Paired  thnt,  6784,  6817.  6800,  6857. 
e  Level  reading  incomplete. 
€  (6857)  should  read  11.080. 


b  Some  error  in  the  level  readimra. 
d  Level  should  be  26  N.,  7  8. 


/The  readinza  for  7131  and  7132  are  questioned  by  the  observer,  but  are  correct. 
9  Beading,  -2^+0^860. 


Digitized  by 


Google 


2022  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

Ohservaiiona  and  computations  far  latUudef  FremOf  Cal. — Continued. 


Date. 


October  4, 1878. 


7401 
7480 


7565 

7571 
7596 
7627 


7676 


7699 
7707 


|8) 


LeyeL 


N.        S. 


1^ 

If 


Corrections. 


22.920 
7.135 

16 
21 

19 
14 

-  2.603 
24.290 

11.5 
28 

24 

8 

12.350 

30.000 
0.508 

17 
21 

It 

26.535 
5.258 

12 
26 

24 
9 

36  32  52. 7 

36  33    5.4 

!  80  59  22. 3 


Micr.and 
refr. 


Level.  I  Merid. 


+10  39.3      +L4 


7798 
7800 


7833 
7837 


7902 
7908 


7967 
7988 


8034 
8054 


8138 
8182 


8229 


12.330     2L5  15 

21. 995  ]  17  18. 5 

13. 385  I  15      I  21. 5 

22.548     24      |  12 

22.375  I  13 
8.955  I  30 


7.390     24 


20.235 


19.750 
6.835 


16.100 


13 


15u  5  :  21.  5 


18         19 
21         16 


(a) 
-15  54.6 


+2.7 
+2.2 


36  49  39. 6 


6  11. 1 


36  30  58.0. +12  26.0 


36  34  49.6 
36  52  11. 9 


+2.0 

+4.7  i 


+  8  40. 2       +L  8 


10. 510     23. 5 

14.450  '  16 
14.240     24 


16. 5     21         36  39  46. 1 


2.195 
4.090 


1&698 
10. 268 


21      :  36  43  20. 8 
13 


16        21 
23.5     14 


36  49  27. 5 
36  37  49. 8 


17.780     16      '21 
8250  !      15.155     22         15 


8273  I      10. 900     24         13. 5  |  36  39  58. 2 
8331         1G.115  >  16.5     21.5 


8370 

October  10,  1878 7902 

I  7908 

I  7967 
j  7986 

\   8034 
I  8054 


8083 

08138 

8149* 
8162 
8182 

8206 
822« 


!>8344  ,      13.680    1 36  39  39.7    +  3  50.5 

8366  !      16.745 


-  8  43.1 
+  346.4 

+  0   a5 

-  1 
+  5  4L4 

45  16.7   -  146.3 

+  3  3L  2       +2. 0 
+L7 


I 


+1.4 
+  1.8 
+2.2 
+2.2 
+L6 
+0.7 


I 


L405 


7. 990  I  23      I  16 
20. 955     20         19 


20.815 
7.825 


28. 5     10. 5 
14      ,  25 


16. 355     21         18.  5 
10. 800     19         20 

13.388     18         2L5 

I 


36  34  50.6 
36  52  12. 9 


+8  45.1 


+2.9  ! 


—8  46. 1       +2. 5 


36  39  47. 2  ,  +3  45. 0       +0. 5 


13.180     22.5 


43  22.0  I  +0    a4 
3.3 


11. 850     24         15      {  36  49  28. 7  \ 

14.880  I  16.5     23  ' 

22.760  ; I !  36  38  14.8  |  +-5  20.4 

14.850     24      I  15      ;  I 
2. 880  I  18. 5  I  21 

18. 490  {  15. 5     23. 6     36  87  51. 1     -f5  86. 8 

10. 175  I  26. 5     13      I  1 


+0.7 

+1.6 
+L6 


Latitude. 


36  43  83.4 


(a) 


29.9 


30.5 
28.7- 
3L6 
30.2 
34.3 
31.5 


32.8 
31.1 
31.4 
31.9 

38.6 

29.3 

32.7 

31.1 

27.0 
36.8 


+4.9  i I    36  43  29.8 


a  I  eannot  find  what  error  has  been  made  here. 

6  8314  should  read  12'. 

t  Paired  thus,  8138,  8182;  8149,  8162.    The  fifth  star  I  cannot  identify  with  |ny  well-known  one. 
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Ob$ervaHons  and  computaiions  for  latitude,  Fresno f  CaZ,— Continued. 


Date. 


October  10, 1878  . 


I  8250 


8273 
8331 


1-5 
«  to 

?1 


18.145 
15.450 


12.165 
17.360 


I  8344  I  12.360 

I  8366  16. 300 

;  8370  20. 130 

October  12, 1878 6674  15.483 

.  6717  14.440 


i  6728  I 
6740  I 


10.765 
16.650 


ia6784  I  10. 242 
6800  I  24.100 
"""•  I      23.350 


6817  I 
6057 


12.275 


6028 


12.430 
15.988 

W»44        17.445 
6083         17.235 

r)    I  23.060 

7041  I  4.080 

7100  I  30.330 

7181  10.885 

7132  I  ,    a630 

7164  I      20.405 
7174  1        7.870 

7204  >        6.503 
7260  ;      20.738 

7313  I        a  330 
7300  I        0.312 

I 
7411   c-  L835 
7437  :      20.445 


7461 
7480 


7520 
7555 


7571 


22.715 
7.030 


24.045 
0.525 


11.200 
7598  28. 820 
7627   d-  2. 305 


25.048 

7676  ,        4.655 


7707         1L385 
21.018 


7780        22.313 
7706  6.645 


7002 
7008 

7067 
7088 

,  8034 
I  8054 


7.246 
20.120 


10. 510 
6.570 


16.373 
10.870 


Levd. 


N. 


16 


24 
16.5 


15 
26.5 


15 
27.5 


16 
16.5 


23.5 

17 


21 
22.5 


24.5 
16 


23.6 
17 


16 
25.5 


17 
22.6 


10.5 
16 


10 
10.5 


al 


Ck>rreotioii8. 


iMicr.and 
refr. 


Latitude. 


o     #     // 
36  45  17. 8 


36  30  50.3 


-1  40. 1 
+3  30.4 


36  30  40. 7  I  -1-3  53. 1 

36  42  4a4     -1-0  42.2 

I 
36  30  32.2     +3  5&3 


LeveL 


36  52  23. 1 
36  35  83.0 


14      I  36  41    a  4 
22 


36  44    2.8 


17. 6  ,  36  48  40. 1 
18      I 


I 


i  36  35    3.5 


23.5     36  63    L7 
12 


-8  50.0 

-1-7  6a  0 


+2  24.1 
-0  32.0 


-5  10. 8 

f 


-1-8  27.7 
-0  32.0 


la  5  ■  36  42  62. 0     -{-    30. 8 
19.5  . 


36  22  40.3 


+L5 
+2.2 
-1-0.6 
+20  30.7  ,    +1.7 


+L2 
+L4 
-0.2 

4-1.4  I 
+L6 


Merid.1 

I 


-0.0 
-0.0  ' 

+L6  I 
+L3  \ 

+2.0 


+10  35. 2  '    -1-2. 7 


24        36  32  53. 8 

"  ! 

24      I  36  33    a  5  +10  24. 5  i    +L  8 

23. 5     36  50  23. 5  Ul6  64. 5       +1. 4 

13  ,  , 


I 


22.5 
14 


15.6 
22 


I 


10         36  54    0.1   -10  34.6       +2.7 

17    ;  I 

t  I 

15.5  ;  36  34  60.0  +  8  41.4       +0.6 


23.5  , 


I 


Q  I       II 

36  43  20.9 


3L1 
33.6 


32.0 
32.1 


31.3 
31.0 


34.1 
32.1 

31.3 

82.7 
31.0 
32.3 
?0.7 
31.7 
32.8 
30.4 


28.2 
32.8 
20.6 


ia5  1  36  52  ia3   -  8  44.1  +0.4  , 

23      I  I  I  ' 

24.5     36  30  47.6+3  42.0'  +0.7    86  43  31.2 

16      I  ,  1  .  I 


a  Paired  thiu,  6784,  6817 ;  6800,  6857.  6  Difference  of  readioKs  should  be  0<'.700,  not  0'.210. 

^  This  star  may  be  Gr.  3157,  1'  in  error ;  omitted. 
Bead  —  2^  +  .835.  dShould  read  —  1'  +  .306. 
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Observations  and  computations  for  latUudey  Fresno,  CaL — Continued. 


Dftte. 


October  12, 1878 . 


Ootober  13. 1878  . 


LeveL 


8083 

8138 
8140 
8162 
8182 


8220 


8250 

08273 
8331 

8344 
8360 
8370 

6720 
6728 
6740 

66764 
6800 
6817 
6857 


N.'- 


14.132 
13.025  • 


12.198  24 

22.955  18 

15. 190  25 

3.242  I  19 

18.092  !  17.5 

10. 665  25. 5 


17.490  I. 
14.805  . 


10. 070  !  23 
17.080 


12.670 
16.745 
20.338 


22.535  U 
11. 635  ~ 
17.560 


23 
28.5 


10.130 
24.998 
24.255 
13.155 

19.698 
15.015 


14 
23.5 


6928  I   13.085  I  23 
6933    16. 628  !  15. 5 


7041 
7100 
7131 


19.190  !  17 
19.900  22 


5.648  

80. 940  21. 5 


9.845 


7132    11. 530 


7164 
7174 


7204  I 
7280 


7313 
7399 


7411 
7437 


7461 
7480 


21.405 
&835 


18 


7.730  19 
2L875  '  22 


8.823  2L5 
0. 772  19. 5 


-  .  795  ,  23 
30.530  15 


24.393  I  17.5 
8.680  24.5 


7520 
d7555 

I     '        I 
I  7571    12.165  17.5 
I  7598  I   29.810  27 

«7027  -  .300  


n 


Corrections. 


,  Micr.  and 
t     refr. 


O     I       II  in 

36  43  22.4  '+  0    8.4 


16  36  49  29. 0 
22. 5  36  38  15. 2 
15 
21 


-6    2.7  ;    4-2.1 
-f  5  14. 5  I    +2. 1 


17 


86  37  5L5 
36  45  1&3 
36  39  59. 8 
36  80  41. 3 


•i 


LeveL 


+1.6 


4-5  37.2 
-  1  48.7 
4-3  27.0 
+  3  48.0 


16 


36  43  12. 2  4-  0  19. 2 


4-1.8 
4-2.6 
-1-3.6 
4-3.6 

0.0 


36  52  28. 1 


I 


8  51. 6 


23 
17.5  I 


36  35  33.9   4-  7  59.  6 
86  46  30.9  —  3    9.7 

;  i 

36  41    &  5  4-  2  23. 5 
3644    2.9-028.8 

I 

36  48  40.2  -  5  16.2 


21 
18.5 


3635    a6 
36  53    L8 


j 

10. 5     36  42  52. 1 
21 


4-8  29.1 
982.9 
4-038.4 


86  22  49.5 


23. 5     86  82  54. 0 
16.5  I 


-L8 
-L3 


-a3 

4-0.5 
-0.6 

—0.5 

0.0 
4-0.5 
-1-0.2 


Merid. 


-i-20  44. 8      -2. 2 


-1-10  86.4  j    -fO.7 


I 


25. 435     14        27. 5  '  36  83    6. 7   -|-10  21. 5      4-2. 0  1 
10.000     11      !  30  I 


7676 


7690 
7707 


27.455 
6.255 


20.468     26 
11.  515     10. 6 
2L123  ! 


Latitude. 


36  48  32.4 


28.4 
3L8 


30.6 
32.2 
30.4 
32.9 

31.4 


30.2 
32.2 


20.9 
82.5 
33.6 

32.5 

32.7 
29.4 
30.7 
32.1 
3L1 
30.2 


14 


36  50  23.6-15  64.0       -|-2.3  i 36  43  31.0 


! 


82 


16 
22.  S 


a  Diflferenoe  1'  too  large.  h  6784  should  read  1 1M30. 

d  I  assume  th<it  the  leyel  reading  for  7555  =  30  N.  11 S. 


e  Reading  —  1'  -f-  0.795. 
«  7627  should  read  O'.SOO. 
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Observations  and  computations  for  laUtudej  FremOf  Cah — Continued. 


Date. 


II 


October  13.  U7« ii7780 

7796 


7838 
7837 


7902 
7908 


79«7 
7988 


8C34 
8054 


22.060 
7.410 


21.765 
3.238 


a240 
21. 010 


a0.890 
7.435 


16.628 
11. 210 


14.549 
14.405 


LeveL 


N. 


27      I  15        36  54    0. 3 
17. 5  .  26. 5  i 


I  36  80  50. 5 


26.5 
19 


26.5 
19 


24.5 


• I 

16. 5  I  36  34  5L 1 
24 


21 
18.5 


16.5     27 
13         28 


36  52  13.4 
36  30  47.7 
36  43  22.6 


Onrreotioiis. 


Letitnde. 


Micr.  and 
refr. 


Lerel. 


10  83.8  +1.1 

+12  30.5  '  +1.8 

+  8  37.2  I  +1.8 

8  44.7  1  +2.0 

+  8  89.4  '  +2.5 

I 

+       5.9  +L6 


Merid. 


I    o    /      w 
.     36  43  27. 6 

3L8 

30.1 

80.7 

29.6 

86  43  80.1 


a  DUferenoe  tbonld  be  15'.65. 

b  I  hare  aaaomed  that  the  level  reading  of  8083  was  28  N.  13  S. 


Discussion  of  latitude,  Fresno. 


! 


S' 


I 

m 

I 
i 


I    s 

Si 

:  n 


I 


4b 
5... 

•  .. 

7... 

8.- 

»  .. 
10.. 
11... 
12.. 
13.. 
14.. 
15-. 


o  ;  „     ,.  '     I 

3       36    43    32.2  —0.79  16. 

2  32.60  +0.06  17. 

3  ,         ,         3L95  —0.21  18. 

2  30.50  +0.80  19. 

2  32.32  —0.71  20. 

2  20.9  +0.28  21. 

2  32.27  —0.21  22. 

2  32.70  +0.U5 23. 

4  3L60  +0.48  24. 

2  32.42  —0.76  25. 

2  29.62  +0.86  26. 

2  31.12  —0.05  ! 27. 

2  30.77  — L86  28. 

2  32.02  —0.96  29. 

2  31.17  —0.94 30. 

3  30.43  +L  43  Oct   3 


ft.  o 


(*) 
(*) 

36    43    27.90  . 
30.50  , 
30.25 
83.28 
29.85 
8L95 
3L28  ' 
27.7 
34.3    : 
81.03 
3L07 
30.97  I 
32.80  , 


+0.95 
+a56 
—1.18 
—0.78 
+0.78 
—0.34 
—0.01 
+  0.54 
—0.48 
—0.50 
+0.16 
—0.32 
-0.35 


BesoUinglatitnde:  d(P  43"  3r'.22  ±0^^.15. 

*  Two  atara,  of  which  no  accurate  places  can  be  foond,  belong  to  theee  combinati<mB ;  henoe  there  ia 
no  result  from  them  till  the  atara  we  observed. 

ASTBONOMICAL  STATION  AT  FORT  BLISS  (EL  PASO),   TEXAS. 
GEOGRAPHICAL  POSITION  OF  STATION. 

Longitude  106P  29^  05".37. 

Lstitnde      31°  45'  31'M4. 

Bsrometric  alt.  of  observatory  above  sea-level  (top  of  monament,  which  is  3  feet 
high)  3,630. 

The  monament  is  situated  in  the  public  square  of  the  village  of  El  Paso,  25  feet 
northwest  from  its  center,  measured  on  a  line  parallel  to  the  streets.  The  square  is 
iSiO  feet  on  a  side,  and  bounded  on  the  southeast  by  Saint  Louis  street,  on  the  north- 
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west  by  Main  and  sontbwest  and  northeast  by  Oregon  and  Utah  streets.  The  streets 
are  70  feet  wide.  The  square  is  mostly  bnilt  up  on  the  southwest  and  southeast  sides, 
has  one  house  on  the  northwest  side,  and  to  the  northeast  is  open  to  and  forms  part  of 
the  plain  in  its  on  spinal  wildness,  thinly  covered  with  mesquite,  cactus  and  the  like. 
The  monument  is  of  brick  18  by  io  inches,  28  inches  above  gronndy  on  a  brick  founda- 
tion 3|  feet  deep  and  6  feet  square  at  the  base. 

The  village  of  El  Paso  (^of  which  Franklin  is  an  obsolete  name)  is  situated  on  the 
north  or  left  side  of  the  Rio  Grande,  1|  miles  from  it  at  present,  and  opposite  to  the 
Mexican  town  of  £1  Paso  del  Norte,  and  2  miles  from  it.  It  does  not  contain  over  300 
inhabitants  now;  It  was  larger  when  it  was  an  overland  stage  station  in  the  early 
California  emi^ation.  It  looks  forward  to  a  future  in  the  Southern  Pacific  and  the 
Chihuahua  Railroads.  The  river  flows  closely  to  the  Mexican  town  at  present,  but 
when  the  international  boundary  was  located  in  its  channel  in  1851  it  flowed  only 
half  a  mile  south  of  the  Texan  village,  having  shifted  its  bed  since  fully  a  mile  south- 
ward, and  in  doing  so  destroyed  valuable  vineyards  and  the  best  part  of  the  Mexican 
town. 

The  village  is  also,  for  the  time  being,  designated  Fort  Bliss,  because  the  troops 
assigned  to  that  post  are  (quartered  in  the  \'illage,  while  the  post  itself  has  no  corpo- 
real but  only  an  official  existence.  Its  first  habitat  was  2^  miles  northeast  of  the  vil- 
lage on  the  river  flat,  but  as  the  river  encroached  and  threatened  its  destruction, 
another  post  was  built  half  a  mile  eastward  on  a  terrace  or  raised  plain,  a  few  feet 
above  the  river  bottom.  When  subsequently  the  poet  was  abandoned,  the  ground 
being  private  proi)erty,  the  buildings  were  left  unguarded  and  are  now  mostly  in  ruins. 
On  the  re-establisnnient  of  the  post  a  few  years  ago,  the  government  rented  quarters 
in  the  village  until  Congress  should  authorize  the  Duildiug  of  a  new  post,  which  it  has 
done  since  the  occupation  of  the  station,  and  the  new  post  will  probably  be  west  of 
the  village. 

Colonel  Graham,  United  States  Topographical  Engineers,  made  the  barometric  al- 
titude of  Frontera  3,870  feet  in  1851.  Frontera  (a  ranch  now  in  ruins)  is  some  15  miles 
up  the  river,  and  about  250  feet  higher  than  El  Paso,  as  determined  by  our  aneroid 
barometer  readings.  This  would  make  his  altitude  for  El  Paso  3,620  feet.  The  locally 
accepted  altitude  of  the  place  is  between  3,800  and  3,900  feet,  which  is  probably  a 
misappropriation  of  Colonel  Graham's  altitude  for  Frontera. 

PHYSICAL  GEOGRAPHY  DETAILS. 

The  Rio  Grande  here  changes  its  course  from  the  norih,  and  by  a  semicircular  sweep, 
15  miles  in  diameter,  it  passes  around  the  bold  south  end  of  the  Franklin  Ridge  of 
Mountains  until  by  a  reverse  curve  it  turns  eastward  at  the  old  site  of  Fort  Bliss.  It 
passes  through  a  longitudinal  depression  between  the  overlapping  entls  of  the  Frank- 
lin Mountains,  east  of  the  river,  and  the  El  Paso  Mountains  nest  of  it,  which  extend 
from  the  conical  Rodadero  Peak  near  the  boundary  monument  southward  into  Mexico. 
This  depression  is  occupied  by  much  eroded  and  decaying  granite-like  rock,  which 
crops  out  in  the  river  bed  producing  a  rapid,  and  forms  hills  200  to  600  feet  high, 
increasing  in  height  for  6  miles  to  the  flank  of  the  main  Franklin  Ridge.  It  is  at 
the  foot  of  the  southeastemmost  of  these  granite  hills  below  the  rapids,  and  due  south 
of  the  Franklin  Mountains,  that  the  village  of  El  Paso  is  situated. 

The  mountains  on  either  side  of  the  river  are  fringed  by  the  remains  of  a  mesa, 
about  360  feet  above  the  river  and  a^»parently  on  the  same'level,  and  doubtless  con- 
tinuous across,  before  the  granite  hills  were  eroded  or  the  country  elevated  to  its 
present  altitude,  and  before  the  many  beautiful  valleys  for  some  200  miles  up  the  river, 
where  the  numerous  ancient  Indian  as  well  as  the  later  Spanish  ruins  are  now  all  that 
remain,  were  draine*!  and  desiccated.  That  the  elevation  of  the  continental  backbone, 
and  the  further  desiccation  of  the  whole  Rio  Grande  Valley,  is  still  in  progress  is  indi- 
cated by  recent  lava  outflows  like  that  of  the  Mai  Pais,  by  hot  springs,  and  the  less 
degree  of  desiccation  existing  only  three  hundred  years  ago'  when  the  Spaniards  made 
settlements  and  had  irrigating  (litches  where  there  is  no  water  now  within  long  dis- 
tances. 

The  river  is  always  yellow,  with  much  impalpably  fine  sediment.  It  changes  its  bed 
often,  even  in  a  night,  so  that  fording  is  always  dangerous,  and  at  places  cnanges  its 
course  for  several  miles.  Thus,  had  it  not  been  for  the  Gadsden  purchase  thfe  Mexican 
town  of  Mesilla  would  have  become  American,  the  river  changing  from  east  to  west 
of  that  town  and  two  miles  beyond.  At  El  Paso,  where  it  is  now  the  international 
boundary,  it  changed  since  1850  a  mile  to  the  soutli.  It  is  a  vexed  question  where  the 
boundary  is,  whetlier  it  remains  fixed  in  the  channel,  as  it  was  when  the  survey  was 
made,  or  follows  the  changes.  The  question  arises  every  time  the  customs  officers  of 
either  country  pursue  smugglers.  It  also  puts  in  question  the  ownership  of  larpe  slices 
of  valuable  land  as  the  changing  river  leaves  it  on  one  side  or  the  other.  Parties  seem 
to  claim  the  old  channel  or  the  new  to  be  the  boundary  whichever  is  to  their  advantage. 
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MBTEOROIOOICAL  CONDITIONS. 

The  rainfall  is  deficient,  and  cultivation  is  possible  only  as  far  away  from  the  river 
as  the  irrigating  ditches  can  be  carried.  The  traditional  rainy  season  is  usually  ex- 
pected during  June  and  July,  but  according  to  the  experience  of  present  residents, 
daring  the  last  few  years  the  heaviest  rains  have  occurred  during  July,  August,  and 
September,  particularly  the  last  two  months.  During  my  occupancy  of  this  station, 
beginning  August  6,  1878,  there  was  an  almost  uninterrupted  state  of  atmospheric 
disturbance,  being  cloudy  all  the  time,  often  overcast,  with  occasional  rains,  and  a 
few  heavy  rainfalls  and  high  winds  until  September  11,  when  there  was  a  sudden  and 
remarkable  change  to  a  perfectly  clear  sky,  light  winds  and  serene  weather,  which 
lasted  until  my  departure,  on  September  18,  except  a  few  cirro-cumuli  clouds  on  the 
17th.  During  the  period  of  bad  weather,  hardly  a  day  passed  without  a  heavy  storm 
somewhere  between  El  Paso  and  Pueblo,  Colorado,  in  the  Rio  Grande  Valley,  or  alon^ 
the  mountains  east  of  it^  and  telegraphic  connection  with  Ogden  for  longitude  work 
was  pi  evented  for  a  whole  mouth. 

Rain  fell  on  August  10, 12, 16, 19, 22, 23, 28,  and  29,  and  September  4, 6,  and  10.  On 
August  28,  there  was  a  so-called  cloud-burst,  and  about  two  inches  of  rain  fell  in  two 
hoars,  flooding  the  streets  with  a  roaring  torrent.  During  the  period  of  clouds  and 
light  rains  the  wind  blew  exclusively  from  the  eastern  quarters  from  2  to  12  miles  an 
honr,  with  daily  intervals  of  calm.  On  August  26,  the  wind  shifted  to  the  western 
quarters,  blew  25  miles  an  hour,  and  again  20  on  the  28th,  when  the  cloud-burst  hap- 
pened. After  this  the  wind  blew  mostly  from  the  eastern  quarters  again  until. Sep- 
tember 11,  with  occasional  velocities  from  10  to  23  miles  an  hour,  with  calms  on  but 
three  or  four  days.  From  September  11  the  weather  was  clear  and  settled,  with  light 
winds  from  east  and  west  with  frequent  calms.  On  eight  days  there  were  thunder 
gusts  and  heat-lightning  with  easterly  winds.  The  heavy  rains  came  with  westerly 
winds.  In  the  case  of  both  the  thunder-storms  from  northeast  and  the  heavy  rains  from 
the  southwest,  the  clearing  winds  veered  from  those  quarters  towards  the  right. 

The  night  minimum  temperatures  until  September  10  ranged  from  69°  to  76°,  the 
day  maximum  temperatures  from  80°  to  95° ;  after  September  Ip,  58°  to  64°  and  76°  to 
86°  respectively. 

The  hourly  barometric  readings  from  August  10  to  30  •  afford  the  following  horary 
carve: 

Correction  to  I  Correction  to 

Hoars.  barometer  reading.  |  Hours.  barometer  reading. 

7  p.m -f  0.039 

8  "    -f  0.018 

9  "    —0.006 

10     " —0.015 


7  a.m —0.041 

8  "    —0.046 

9  "    —0.044 

10  "    —0.042 

11  " —0.025  11  "    —0.016 

12m —0.004  ,  12  " —0.018 

1  p.m +0.013  1  a.m —0.015 

2  "     -f  0.034  2  "    —0.014 

3  "    -f  0.0481  3  "    —0.007 

4  **    -f  0.066!  4  <*    —0.013 

•5    "    4-0.071  5  "    —0.021 

6     **      -1-0.061'  6  <*    —0.033 

PERSONNEL.— OBSERVATORY. — TELEGRAPH  LINES. 

The  astronomical  observer  was  Miles  Rock,  C.  E„  civilian  assistaut  engineer,  and 
the  meteorolo^cal  observer  and  assistant,  Fred.  W.  Floyd,  E.  M. ;  S.  W.  McMaster 
was  temporarily  employed  to  assist  in  the  hourly  meteorological  readings,  and  proved 
very  capable. 

The  observatory  was  a  wall  teut,  9  feet  square,  with  the  middle  seam  of  the  roof 
ripped,  and  fastened  apart  for  a  Lieridian  opening.     ' 

The  United  States  Military  Telegraph  and  the  Western  Union  lines  were  used  ;  the 
former  from  El  Paso  to  Santa  F<5,  in  the  circuit  via  Denver,  and  from  El  Paso  to  Mesilla ; 
thence  to  San  Diego  in  the  circuit  via  California ;  the  latter  from  Santa  F^  and  San 
Diego  respectively  to  Ogden,  Utah. 

DESCRIPTION  OP  INSTRUMENTS  USED. 

The  instruments  were  the  same  as  those  used  at  the  Fort  Bayard  station,  and  for  details 
see  the  accompanying  report  on  that  station.  The  transit  was  by  Wilrdemann,  No.  28 ; 
Haiton  mean  time  chronometer.  No.  288 ;  and  Negus  break-circuit  sidereal  chrono- 
meter, No.  1344.  All  the  observations  -Were  made  by  the  eye  and  ear  method.  The 
mean-time  chronometer  was  carried  to  the  telegraph  office  for  exchange  of  signals,  a 
distance  of  725  feet. 
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POINTS  WITH  WHICH  CONNECTIONS  WERE  MADE,   ETC 

Robert  Reeder,  of  the  United  Stat^  Si^al  CorpSj  was  the  telegraph  operator.  Two 
circuite  were  used  in  making  connection  with  the  United  States  Engineer  Observatory  at 
Ogden,  Utah.  The  first,  via  San  Diego,  Cal.,  was  used  on  September  7,  8,  and  10 ; 
ElPaso  to  Mesilla,  50  miles;  thence  to  Fort  Bayard.  100,  and  beyond  identically  the 
same  as  in  the  signals  from  Fort  Bayard.  The  total  length  of  the  circuit  was  about 
2,300  miles.  The  other  circuit  via  Santa  F^,  N.  Mex.,  was  made  on  September  11  and 
12 ;  from  £1  Paso  to  MesUla,  50  miles,  and  thence  the  same  as  in  the  signals  from  Fort 
Bayard  station.    The  total  length  of  the  circuit  was  about  1^400  miles. 

On  some  evenings  there  was  much  trouble  to  effect  communication,  owing  to  length  of 
line,  bad  weather,  and  other  causes,  but  finally  the  success  was  complete. 

Tne  battery  power  used,  as  far  as  I  could  learn,  was  as  follows:  El  Paso,  7  cells; 
Mesilla,  14  cells.  This  is  not  a  relay  station,  but  £1  Paso  is  connected  with  the  San 
Diego  or  Santa  F6  line  as  required  by  a  switch ;  Santa  F^,  70  ceUs ;  Silver  City,  50 
cells. 

The  observations  at  Fort  Bliss  have  been  computed  and  arranged  as  follows,  by 
Prof.  T.  H.  Safford : 

Tabulation  of  stare  used  for  determination  of  time  at  Ogden,  Utah,  and  Fort  Bliss,  Texas, 


Ogden. 


FortBUaa. 


Name  of  star. 
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2050        EEPOET  OP  THE  CHIEF  OP  ENGINEEBS. 

Final  resulU  of  longitude. 


Signals  sent  from — 


Beoordedat — 


Sept  7, 1878: 
Ogdea 

Fort  BUM 

Sei»t  8, 1878 : 
Ogden 

FortBUss 

Sept  10, 1878: 
Ogden 

FortBliBS 

Sept  11, 1878: 
Ogden 

FortBliBs 

Sept  12, 1878 : 
Ogden 

Fort  Bliss 


Ogden  

Fort  Bliss. 

Ogden 

Fort  Bliss 

Ogden  . . . 
FortBUss 
Ogden  ... 
Fort  Bliss 

Ogden  . . . 
Fort  Bliss 

Ogden  

FortBUss 

Ogden  ... 
FortBUss 

Ogden 

Fort  Bliss 

Ogden 

FortBUss 
Ogden  — 
Fort  BUss 


i. 


i 


I 
I 


54  14.00-  2  58.71215116.29 

6  58. 05  +9  6  19. 781  22  13  1&  73 

11  3a  63  -  2  5a  75  22    8  89.  " 

24  20. 00+9  6  22. 71|  22  30  42. 71 

1  0.00-  8  2. 201  20  57  57. 80 
9  4a  03 +9  10  13.30  21  20  1.33 
19  45.58-  3  2.2421.16  43.34 
28  30.00i+9  10  ia45  21  38  4^45 


8  52.00- 

9  36.91+9 

30  55.29- 

31  36.00' +9 

10    2.00  — 
6  46.45>+9 

17  29. 02  - 
14  12.00|+9 

i9  3aoo'- 

12  21.23+9 
25  45.97,— 

18  28  00+9 


I 


3  2.27 
18  la  52' 

3    2.26 

18  20.23 

I 

2  59. 6l| 
22  19.37| 

2  59. 60 

22  20.611 

I 

2  57. 401 
26  22.67' 

2  57. 39 
26  23.70^ 


21  6  49.73 
21  27  53. 43 
21  27  53. 03 
21  49  56. 23 

21  7  2.39 
21  29  5.82 
21  14  29.42 
21  36  32.61 

21  16  40. 60 
21  38  43  00 
21  22  4^58 
21  44  5L70 


m.  f. 

22  3.44 
22  2.83 


0.6122  a  135 


22  a53 


22  an 


22  a70 
22  3.20 


22  a43 


22  a30 


0. 42       3. 320 


a  50     a450 


22ai9>a24     a  310 


22  a  12a  1822X210 


Pinal  difference  of  longitude:  22™    3«.285  4: 0«.036. 

or,  5<^  30' 49".27     ±0."54. 

Snbtractinff  this  from  the  longitude  of  Ogden,  llio  59'  54".64  as  given  in  Vol.  II, 
pace  489,  of  the  quarto  reports  of  this  survey,  we  obtain  106^  29^  5".37  for  the  longitude 
of  Fort  Bliss ;  that  is,  for  the  astronomical  monument  in  the  public  square  of  the  vil- 
lage of  El  Paso,  El  Paso  County,  Texas. 

The  personal  equation  between  Mr.  Rock  and  Professor  Safford  was  thus  determined 
by  an  apparatus,  by  five  groups  of  observations. 

Rock— Safford. 

1879.  «. 

First  group,  April  14,  p.  m —0.142 

Second  group,  April  15,  a.  m —0.036 

Third  group,  April  15,  a.  m -|- 0.(^1 

Fourth  group,  April  15,  p.  m 4-^-^^ 

Fifth  group,  April  15,  p.  m +0.256 

Mean +0.044 

This  value  has  been  neglected  as  too  uncertain.  The  numbers  (with  their  proper 
signs)  are  to  be  applied  to  the  clock  corrections  given  by  Professor  Safford. 
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Mean  place  of  stare  far  1878.0  ueed  far  the  determination  af  latitude  af  Fart  Bliss,  Tex. 


t 

«5   NO.B.A.C. 

8 

Right  As- 
conaion. 

DecUziation. 

It 
1  'S 

IsTo.  B.  A.C. 

J 

Right  Aft. 
cension. 

6 

3 

i  ^ 

^ 

O 

1  }Z5 

^ 

h.  m.  $. 

II 
o  /   "  li 

h.  m.  $. 

o  /   // 

6143 

A. 

18  134 

+  9  32  52.2  ij 

7218 

AA. 

20  42  39 

86  2  86.2 

6185 

A. 

8  2 

64  16  1.8  ' 
42  7  6.8 

7266 

AA. 

49  21 

27  36  40. 1 

6203 

A. 

11  51 

7271 

A. 

20  52  33 

10  22  9. 6 

6231 

A. 

15  8 

21  54  39.5  ' 

7332 

C. 

21  0  4 

52  48  1. 7 

6251 

A. 

18  30 

2142  55.8  '1 

7366 

A. 

629 

53  3  65.3 

6268 

A. 

20  13 

39  26  30.0  i 

< 

C. 

20  54  10 

16  21  3.0 

6300 

A. 

24  32 

23  47  10. 6  i| 

7301 

A. 

65  41 

47  2  42.6 

1' 

7846 

A. 

81  224 

47  9  31. 2 

6348 

C. 

30  28 

66  57  9.4  1 

» 

D. 

30  43 

6  34  55. 0  I 

7368 

AA. 

7  45 

29  43  3ai 

•  1 

1 

43  7  ao  li 

7309 

B. 

12  54 

34  23  7. 6 

* 

C. 

33  1 

6387 

A. 

40  32 

20  25  50.4  , 

7410 

A. 

16  83 

23  20  34.0 

ij 

7474 

A. 

24  26 

23  6  17.4 

'       t 

C. 

43  21 

31  37  9.4  'i 

7621 

A. 

32  3 

39  5157.7 

6427 

A. 

45  19 

32  24  41.1  ; 

1 

li 

7565 

C. 

36  41 

54  19  4.1 

.   '      6460 

A. 

50  9 

4  2  46.8  ' 

7561 

AA. 

38  12 

9  18  58.6 

6463 

AA. 

49  24 

59  14  22.2  1| 

48  42  27. 2  1 

r 

C. 

43  26 

88  4  56. 6 

'      6476 

C. 

5134 

7627 

AA. 

47  31 

26  21  6.3 

6487 

AA. 

54  5 

14  64  14. 0 

! 

7641 

A. 

60  60 

1129  52.1 

i       < 

D. 

57  9 

50  21  48.0 

1 

7676 

B. 

67  22 

52  17  40.2 

6528 

AA. 

18  59  48 

13  41  0.2 

i 

7688 

AA. 

21  59  31 

-  0  54  42. 8 

6553 

A. 

19  2  49 

32  18  38. 3 

1 

7700 

A. 

22  0  16 

+  64  2  0.7 

6571 

A. 

7  5 

31  4  5L  5  1 

7723 

A. 

4  3 

5  36  63.6 

!      6590 

A. 

12  8 

37  .^  1.9  i 

7749 

A. 

687 

67  36  0.8 

6637 

A. 

17  51 

26  1  46.0  1 

1 

7796 

A. 

15  31 

11  35  27. 7 

1      6667 

A. 

21  45 

36  4  26.7 

7815 

AA. 

18  46 

51  37  6.6 

6600 

A. 

25  48 

27  42  16. 3 

7855 

A. 

26  16 

• 
49  89  20.2 

1      6700 

A. 

29  13 

19*30  29.4 

1 

• 

B. 

34  49 

13  54  28.9 

6731 

C. 

82  61 

44  25  33.0 

1 

s 

C. 

35  17 

53  12 

1      6734 

A. 

83  10 

49  56  2LI 

7908 

A  A. 

35  23 

10  1141.9 

I       s 

C. 

35  26 

13  32  1. 4 

1 

7932 

A. 

38  39 

4110  46.4 

,      6748 

B. 

36  56 

64  41  15.8  1 

7946 

A. 

40  39 

22  56  26.6 

'      6802 

AA. 

44  50 

8  82  60. 3  1 

1 

7968 

A. 

44  7 

23  67  38.0 

6833 

AA. 

49  19 

6  6  11.6  11 

7984 

B. 

48  81 

39  43  86.7 

1      6847 

B. 

50  47 

67  12  14.8  ' 

11 

7995 

B. 

61  5 

49  4  66.6 

!      6803 

A. 

19  58  11 

6  56  5.2  u 

8034 

AA. 

22  58  41 

14  32  56. 9 

1      6976 

1 

A. 

20  10  83 

66  11  4L  3 

1 

8050 
8082 

B. 
A. 

23  2  13 

668 

48  37  52.9 
48  44  23.7 

1      6979 
7008 

1 

A. 

A. 

1184 
15  50 

24  17  46. 8 
89  1  9.7 

8128 
8160 

A. 

A. 

14  4 
19  17 

41  24  37. 5 
22  48  67.4 

1      7062 

A. 

23  19 

48  58  45. 0 

1 

8177 

A. 

2147 

5  42  32.2 

1      7086 

A. 

26  17 

48  32  31. 8 

1 

8188 

B. 

24  24 

57  52  3&3 

'      7091 

A. 

27  83 

4848  32.4  ' 

8233 

AA. 

83  41 

4  67  64.2 

1      7107 

B. 

29  36 

14  15  16. 4 

i 

8268 

A. 

41  6 

57  68  20.9 

,      7121 

A. 

31  50 

14  10  18. 6 

1 

1      7160 

A. 

85  34 

14  8  59.8 

1 

8810 

A. 

48  18 

56  40  18.9 

1      7173 

A. 

87  46 

14  88  16. 8 

1 

8331 

AA. 

63  3 

6  11  16. 8 

1 112  Heis  Ophiaohi. 
»14*Hei»LynB. 
•26   Heift  Lyne. 
« 179  Heis  Braoonis. 
«  67  Heis  Aaaile  (980). 
«  30  Heis  Deiphini  (1264). 
M94  Heis  Cygni  (1382). 
"Piazzi  XXlI  186  (No.  1519). 
•30*  Heis  Laoerte. 
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Ob$ervaii<m8  and  computations  for  latitude  of  Fort  BlWy  Tex, 


Date. 


August  29, 1878 . 


Aagn«t26.1878. 


f 


LeveL 


K.       S. 


6734 


6070 

7062 
7085 
7091 
7178 


7345 

7368  ' 
7399 

[7410 
7474 
7521 

7561 


;   7627 

I   7641 
I   7676 

7728 
I   7749 

7796* 
I   7815 

7855 


7058 
7084 

7995 
8034 
8059 


8128 
8100 


8177 
8188 


8310 
8831 


6887 


6427 
6667 


6847 


6976 

7271 
7332 
7366 


14.906 
12.882 

-  6.058 
28.858 

15.471 
40.798 
25.873 
2L799 


pqts 


CorT«cti<«8. 


IMicr.ftntl 
refr. 


Latitiide. 


LeveL ,  Meiid. ; 


18.2  I  lao  ;  31  44  24.2  +  1    2.9 
13.4     22.0 

a8     29.6  I  31  84    6.9  +11  83.6 
16.8     22.2  ' 

1&2     21.4     31  42  42.3  i+  2  48.1 
16.0     23.6  I 
16.0  I  23.8 
23. 2     16. 8 


19.212     14.0  I  26.2 

19.123  I  22.2  ia4 

2.828  '  24.0  17.0 

87.836  ;  17.8  ^  28.4 

17.971  I    4.0  I  87.0] 

3. 448  I    6. 0  i  35. 0 

34.705     28.0  I  18.0 

15.463     10.0  I  30.8 

22.367  !  15.4^  24.8 


31  45  33.7  I-  0    2.8 
82  .  8:40. 2  ,-18    7. 3 


-2.6 
-8.1 

-2.3 


I 


40.4  I 


19. 843     23. 0 
24.013  I  19.4 


ia2 

22.0 


31  29  26.4  fl6  10.8  -7.4 
81  49  19.1  |-  8  34.8  I  -9.4 
81  48  19.3  1+  2    9.5  |    +0.7 


7.462     20.0  I  21.8  I  31  54    4.3  '-  8  29.7       -1.9    

28.862     19.0     23.2  I  |  {  \ 


10.646 
28.383 

28.681 
13.800 

23.740 
20.241 

22.183 
U.772 

&096 
15.134 
84.150 
27.876 

8.564 
40.660 

40.624 
86.113 
30.621 

33.734 

4.847 

16.762 
18.868 

34.494 
8.708 

27.794 
12.302 

18.971 
26.296 

32.604 
10.866 


26.4     16.4     81  36  15.4  +  9  14.3  '     -0.7 


14.4 

25w0 
13.4 

23.4 
26.6 

19.8 
20.0 

16.0 
20.8 
17.8 
19.0 

26.0 
25.6 

1&8 
19.0 
20.2 


24.2 
27.8 


34.4 
56 


26.2 
1&2 


17.6 
27.0 


29.246  I  22.4 

9. 724     37. 6 

26. 106  I  87. 6 


•27.8 

17. 8     31  36  35. 2  1+  7  42. 2 
28.2 


19.8 
16.0 

23.4 
22.6 

27.4 
21.0 
24.0 
22.8 

14.4 
16.0 

22.8 
23.0 
21.8 


29.8 
26.4 


19.8 
-0.6 


32.8 
29.0 


88.0 


66       —0.6 


39.0 
29.4 

88.4 

ia2 

1&4 


31  47  13. 7 
'31  50  56.2 

81  41  20. 0 

82  4  87.0 

81  49  19.8 

8180  84.6 
8146  40.0 

82  1  6.3 
31  53  34. 6 
31  89  26. 8 
81  84    7.1 


-  1  48.7 

-  528.4 


+  416.9i     .-2.4 


-2.4 

+4.4 
-L9 


-19    9.4 

-  8  47. 0 

+14  67. 2 

-  1    6.4 

-16  66.2 

I 

-  8    1.2 

+  6  6L8 
+U80.7 


31  89  19.7  !4-6    7.5 


+6.6 
-2.1 

0. 
-L8 
+2L7 
-4.0 
+11.1 
-  7.4 
+  2.6 


31  45  24.5 

31.4 

•   30.5 

28.6 

38.3 

28.8 

34.9 

29.5 

82.7 

8145  29.0 

8144116.0] 

31  45  29. 4 

80.9 

83.5 

84.2 

80.2 

81.8 

38.8 

31.8 

20.4 

20i2 

80.4 

81  46  29.8 

*8omeeiTor;  I  oannot  And  what  it  It. 
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Ob$€rvaHon$  and  comptUatiotu  for  latitude  of  Fori  BUs$,  Tor.— ^l^ontinned. 


Bate. 


AngMt  2S,  1878  . 


AfuM.  27. 1878  . 


A4jEUHt29,1878. 


_  LeveL 

V  :  II  '  N. 


13 


Correctioiw. 


5Z5         i      S' 


7410         ia468     32.6  I  28.8 

7474  ,        4.640     33.0  '  28.6 

t      7521        85. 786     10. 0     47. 2 


li   ""ssr*,  ^^^  ^'^ 


lAtitade. 


81  32  5«. 7  '+12  38.1     -  a7    314624.1 


7555  14.564     17.0  I  40.4  I  31  49  1«.3   -  8  45.6     -5.7 

7561  2L  823     8L  0     26. 0  \ 

17.678     27.2     29.8     31  43  19.6  +  2  12.0     -  3.7 

7627  21. 030  I  24. 0     33. 2  I 

7641  !  9.893     33.0     25.2  >  31  54    4.5-8  4L4     +  9.9 

7676  26.681     4L4     17.2  . 

7958'  2a596     27.2  t  32.8  I  31  50  56.4   -  6  24.0     -6.1 

7984  I  10. 165     28. 0     37. 2  : 

i  '  '  I 

7905  9.061     26.0     35.6     3144    a2  1+1  20. 8+5.6 

8034  16.271  I  30.2     80.2 

8062  28.650  I  53.0  i    7.0  |  ; 

It  I 

6599  33.185  '  2a 4     23.8     3168  37.0-18    7.3-0.9, 

6637.  7.836  '22.6     30.0 

I  '  I 

6667  7. 830     25. 8     26. 8     31  53  35. 0   -  8  10. 1     +U.  1 

6690  23.610     44.0       7.2 

6734  1&  088     26. 0     28. 4     31  44  24. 7    -h  1    0. 0     +  9. 8 
20.020  t  42.2  j  10.2  I 

6833  15.064     24.8     2&0     3189  26.7+5  60.4     +4.7 

6847  I  26.634     85.4     16.8 

6893  32. 266     23. 8     29. 8  |  81  84    7. 5   +U  21. 7     +  2. 3 

6076  10.317  '  33.2     19.8  I 

•7062  20.822     35.0  !  19.0  '  31  36  28.6     +9  7.5     -  L9 

*7085  44. 208     34. 4     19. 6  I 

(•7091  80.567) 

7107  4.563  ,    4.2  ,  60.0 

7173  27. 207  t  2a  8     26. 0 


7218 
7256 


21.4<Q  i  34.8     19.8  i  31  49  24.9   -  8  5a4     +  6.6 
la  786  i  29. 0  I  26. 0  I 


17.156     2a4  3L8  ,  31  43  52.2    +  1  4a4     -  ai  ; 

7301  10. 635  •  22. 8  32. 4  ! 

7345  '  17. 110  !  21. 2  34. 2  ) 

6203    a  140  '  35.4  '  87.0  I  81  58  a 7  -12  82.9  -  a6 

6235  3a  053  32.2  40.0  I  ; 

6261  2L  707  ,  30. 0  42. 2 

;  t 

6268  10. 607     29.6.4a2|8137    a4    +832.6     -ao 

6300  27.U1  ]  35.0  i  87.6  * 

6348  ia472  I  2ao  ia8  |  31  46  1L6    -  0  27.0     -  a9 
ia841  !    7.0  3a4  t 

1  20.458  i  24.0  !  22.3  '  81  46  40.6   -  1    a6  1  -  a9 

6387  I  ia413     ia8  30.2  |  ; 


a766 

6427        84.063 


6463  , 


ia083 
2a  431 


2ao    ia2    32  1  a 9  1-15  41.1 ,- ai 
ia2   sao  I 

lao     27.8     31  88  44.8;+ 6  54.6     -7.9 
lao     8L4 

lao  '  29.6  '  31  48  32.0  I-  3    0.8     -  aO 


6476  la  832 

t6487  I  la  652  20.8  2a  8 

84.612  ia8     2a4'32    13a8'-15  5a2     -  a2 

6528  a763  ia4  j  30.0  t 


2ai 

27.9 

3ao 
•ia3 

34.6 

2a8 
aao 

34.5 
30.8 
31.5 
34.1 

33.1 
2a5 

30.2 

2ao 

187. 7J 

sai 

22.7 
81.6 
2a6 
31.9 


I      6553  1      20.624     14.0     32.0  !  31  41  64.7  +  3  sa 2     -  a6    31  46  2a 4 

'      6571         la  508  ,  2a  4  I  la  8  ! 
'7085  thoald  renAAfS^.    The  instruraent  probably  Jumped  before  7091;  this  star  has  been  omittMl. 
I  Probablj  22.652. 
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Ob$ervatUms  and  computations  for  latitude  of  Fort  BU9$f  Tex. — Continiied. 

.®        '     id      \     Level.  f§  Corrections. 

2  00      I 


Date. 


Aogast  29, 1878  . 


^ajnist30.1878. 


N. 


LeveL    Herid. 


Latitude. 


C590  , 
6637  ' 


0667 


83.485 
7.954 


10. 314 


40.0 
3.4 


I 


6.4     31  I 
4a4  . 


t  37.3   -18  1L4     -  2.C 


6680  I      25.768     14.0  ,  3L8  I 


6079 
7008 

7062  I 
7091  I 
7107 
7121 
7173 

7213 
7256 


2a4  18.2  ;  31  53  85.8  ;-  7  59.7  -2.4 


10.460 

16.8 

2&8 

21.810 

21.2 

25.4 

24.171 

22.4 

24.4 

84.037 

21.8 

25.4 

8.003 

15.8 

30.2 

8.275 

15.6 

30.2 

30.874 
21.530 

18.0 
l&O 

29.0 
29.0 

I 

81  39  44.5  +  5  52.5 

I 

31  37  44. 6  -f  7  51. 8 


13. 999  22. 0 


(•)   i  •13.067  21.8 

7301  I   11.  524  I  21. 0 

*7345  I   18.085  <t20.2 


7555  , 
7561  { 

7641  I 
7676  ! 

7723 
7749 

7796 
7815 

7958 
7984 

7995 
8084 
8082 

8128  I 
8160 

8177  ' 
8188 


8310 
8331 


22.988  I  82.4 
15.728  I  3.8 


8.583  16.8 


25.8  I 


26. 2  31  43  52. 8 
26.8 


16.6 
45.6 


4-  1  42.1 


81  49  20. 3  -  8  45. 5 


I 


-  5.0 
-5.0 

-  4.6 

-  8.1 

-  8.1  ' 


25.016  25.6  I  23.6 


33,0  31  54  5.7  -  8  30.4  -  4.4  , 


9.362  !  27.2 

27.404  ;  9.0 

I 

27. 435  20. 6 

10.089  ,  16.2 

17.051  I  24.2 

27. 166  14. 8 


2L  6  I  31  36  16. 6  +»  20. 4  -  7. 9 
39:8 


2a4 
3L8 


25.0 
34.0 


28.533  •  81.0  1&8 
21.113  i  23.4  '  20.2 
&338  13.2  35.4 


81  36  86. 5  +  8  58. 8  I  -  7. 3 


31  50  57. 5  -  5  14. 2 
3144  9.2  ,+  123.2 


-  6.2 

-  2.4 


44.745 
7.523 

3.926 

a  303 

46.945 


32.0  17.0 
30.4  19.4 


0143 
6185 


6231 
6251 


6300 
6348 


16.8 
23.0 
16.8 

13. 845  ,  24. 0 

6. 926  I  24. 2 
35.964  I  17.2 

10.976  '  27.4 
27.619  16.8 

42.846  I  7.4 
12.851  '  42.0 
24. 319  35. 8 


33.6 
27.2 
34.0 
26.8 


I  ! 

32  4  3a 3  -19  lai ;  +  ai 

31  38  11. 1   +  7  26. 1     -  a  4  I 


2a  2  ;  31 : 

34.0 


>  35. 6  4-15    L  9  j 


a8 


12.6 
22.2 

32.8 

-2.6 

4.2 


31  54    5.2i-83a9|4-2.9 


31  58    a 8   -12  33.5     +  a9  I... 


11. 116     2a  0  >  12. 0 


27.450     ia4  I  23.6  !  Sfl  37    a6  -4-  8  27.6  |  +  2.7 

i         !        i 

31  46  IL  7   -  0  83. 1  '  +  4. 9  I 

32  1  33.5  1-16    1.8     +12.0  ' 


6553  i      2a  903  ,  2a  0  I  17. 8     31  41  54. 9  +  8  2a  1  i  +  &  1 
6571        33. 607  ,  25. 8     14. 6  i 


17.628 
ia558 

ia6 

31.3 

2ao 
ao 

iaii7 

44.084 

21.4 
38.0 

ia6 

2.0 

6509 
6637 


la  767     20. 2  ,  20. 8 


41.  051     32. 8 


6667  !      8a  160     2a  4 
6690        22. 537     24. 0 


a6 


lao 

17.6 


31  58  37.4   -13    aS     +  7.3  , 


I 


O       t       n 

31  45  &» 

tas 

32.0 
3L4 

2a6 

8L8 

2a7 
90.9 
29.1 

2ao 

87.1 
90.0 

90.2 


81.9 
31.2 
87.2 

90.9 

4a5 

4a7 
2ai 

39.4 


3153  3a5i-8    4.9     +  a7  i 31  45  34. S 


•Read  ia067. 


1 21.2  2a8  seoms  the  correct  level  reading. 
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Ob$ervation»  and  compiUations  for  latitude  of  Fort  BlUs^  Tex, — Continued. 


Bate. 


1^ 
I" 


^Qgiut30,1878.... 


6709 
0731 


0748 
6802 


*6883 
6976 

6979 
7008 

7062 
7091 
7107 
7121 
7160 
7173 

7213 
7250 


u 


September  1, 1878  . . 


6463 
6460 
•Micr.  diir.  20'.  in  error. 


7301 
7345 

7368 
7399 

7555 
7561 

7688 
7700 

7723 
7749 

7796 
7815 

7982 
7945 

7968 
7984 

7995 
8034 
8059 
8082 

8128 
8160 

8177 
8188 


8310 


6203 
6231 
6251 


6300 


16. 707 
4L338 

19.368 
35.127 

83.096 
21.427 

14. 673 
16.485 

34.464 
23,072 

19.178 
9.280 
34.910 
39.675 
t39.992 
12.723 

26.964 
34.530 

29.419 
♦30. 774 
29.220 

6.371 
41. 461 

15.972 
23.874 

19.093 
41.802 

38.558 
20.791 

18w772 
35.773 

6.080 
40.632 

31.159 
20. 740 

19.168 

26.526 

§44.247 

39. 013 

&160 
42.048 

1146. 160 
40. 081 
34.527 

43.543 
14.843 

39.107 

9.188 

20.534 

28.208 
1L491 

20.643 
33.525 


LeveL 


N. 


24.0 

13.4 
35.0 

20.8 
23.2 

20.0 
80.0 

9.0 
23.8 

18.6 
17.8 
29l8 
29.2 
29.0 
29.4 

21.0 
27.0 

32.0 
16.8 
16.0 

27.6 
33.0 

15.8 
2U.0 

19.0 
3L0 

18.2 


2L6 
32.8 


36.0 

27.6 
20.0 

19.0 

40.4 

11.2 

9.2 

19.2 
26.8 

16.0 
31.0 
30.2 

27.0 
25.8 

32.0 
26.4 
24.4 

l&O 
29.8 

21.2 
18.6 


18.0 
17.6 

2a2 
7.4 

22.0 
19.2 

22.4 
11.6 

33.4 

ia4 

24.0 
25.0 
13.4 
13.8 
13.6 
13.2 

22.8 
17.6 

12.6 
27.8 


l&O 
12.4 


29.8 
16.8 


26.6 
13.4 


27.4 
15.0 


24.0 
13.0 


10.0 


b 

Wt3 


CorrectionB. 


Micr.  and 
refr. 


o    /      // 
31  58  15. 3 

81 .87  17. 2 

31  89  27. 2 

31  84    8. 1 


-12  45.0 
+  8    9.6 

-f  6    2.4 
+11  17. 5 


31  89  44. 7  ;+  5  53. 8 


3136  12.4 


3^  49  2&6 


Level. 


Merid. 


4-9  14.3 


-  3  65.0 


I 


31  43  52.9  +  1  35.6 


32    3  4L7   -18    9.9 


31  49  20. 5 
81  83  58. 1 
31  86  16. 8 

31  36  36. 8 

32  8  26.8 


la  4     31  50  57.  8 
26.0 


27.2 

6.4 

35.2 

37.8 


31  41  21. 6 


-  3  49.9 
+11  29. 8 
+  9  11.8 
+  8  48.0 
-17  53.2 
-  6  23.6 
+  4    6.9 


27. 6     32    4  38. 6 
20.0  ' 

30. 0     31  49  20. 8 

15.0 

15.8 

20. 0  ,  31  30  36. 0 
21.4  I 

25. 8  i  31  58    7. 0 

31.4  1 

33.2 


+  3.6 
+  4.0 
+  0.9 
+  5.0 

-  6.9 

+  ao 

+  2.4: 

I 

+  9.4  i 

-  0.6 

! 
+  8.1  j 

+  2.0 

+  5.4 

+  9.8 

+  LO 
+  4.3 


-19    5.7  1  -  0.5 
-  8  47. 1     +  0. 4 


+14  61.4 
12  33. 1 


40. 2  i  31. 37    0. 8  +  8  39. 2 
28.0  I 

a  0  I  31  38  46. 1  1+  6  40. 1 

11.2  1  i 


+  3.5 

-  0.2  I 

-  6.3 

+  6.4 


Latitade. 


O       t        n 

81  45  33. 9 
30.8 
3a5 
80.6 
82.6 
29.7 


88.0 
30.9 

4L2 

.30.0 

31.0 

80.6 

3a2 

48.4 
3^2 

88.8 

38.4 
f  34.1 

80.9 
33.7 

3S.T 


t40'.992. 


:3y.774. 


$46^.247. 


8146  81.6 

U  44^.616.  ? 
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Observations  and  oomputaUona  for  latitude  of  Fort  Bliss,  Tex, — Contmaed. 


Bate. 


September  1, 1878  .. 


r 


6476 
6«87 


Level. 


N. 


September  2, 1878  . 


6553 
6571 


6690 
6687  ' 


6667 
6600  I 


6700 
6781 


25.253 
3L154 


40.687 
0.043 


10.4 

lao 


12.0 


n 


reft-.       ^^®^ 


31  48  32.5 


0. 8  I  20. 6 


10.4 
1L8 


17. 8     32    1  33. 8   -15  53. 4 


Corrections. 


Merid. 


Latitude. 


-  3    3.3 


26.001  1*10.0 
20. 145     la  0 

40.473  -  25.4 
14.730     2&4 


7301 
7345 


7474  , 
7521 


17.772 
33.500 


nao87 

13.128 


21.4 
10.0 


2ao 

15.0 


:25.002  I  25.4 
32.16b  35.0 
25.658  '  32.0 


11.832 
42.444 


!0.0 
!a4 


7555        2L802  i  16.2 
7561  I      28.064     13.0 


7627 


24.355  ;  25.6 
28.456     16.0 


7641  !      16. 064     23. 8 
7676  t      82.651     23.0 


§7688 
7700 

7723 
7740 

117706 
7815 


2a  112  <  23. 6 
38.474     16.8 


34.603 
16.720 


ia2 

20.4 


26.702     23.4 

33.001    lao 


7855  I      20.205 
7012  I      23.633 


September  4, 1878 . 


7032 
7045 


7058 
7084 


7005 


8128 
8160 


8177 
8188 


118310  I 
8331  I 


40.050 
5.465 


12.0 
30.8 


15.6 


11. 0 
12.4 

5.8 
3.0 

10.0 
12.6 

3.6 
16.8 

17.0 

a8 

0.2 

13.0 
14.2 

26.6 
20.8 

17.8 
22.4 

10.8 
20.6 

ia8 

27.0 


+  4.7 
-  5.1 


31  41  55. 2  j+  3  20. 8     +  4. 5 
31  58  37.7  1-18  10.3     -fl4.0 


31  53  35.8 
31  58  15.6 


-  8   a5 
-12  55. 2 


31  43  53. 6  !+  1  27. 6 


+  5.5 
+  7.0 
+10.5 

+  0.4 

-  a4 

+  0.4 
31  54    a5   -  8  85.2     +  2.0 


31  29  27. 6 

+15  50.8 

31  40  21. 2 

-  3  30.7 

3143  2L6 

+  2    7.4 

31  33  5a  8   +U  84.6 


-  L7 


25.2     3136  17.4  +  0  15.2  1-3.1 
23.4 


22. 471     24. 4 
82. 815  I  21. 4 


35.540 
2a  300 
0.430 
15.718 


2a4 

ao 

35.0 
3a2 


44. 621  .  2a  0 
7.818  ,  30.2 


20.6 

2ao 


32.0 
13.4 


20.0 


81  36  37. 5  +  8  54. 2  I 
31  47  lao  ;—  1  43.7  i 


82    3  27.6 


20. 4  1  31  50  5a  6 
23.8 


16.6 

37.6 

10.0 

0.4 

10.8 
15.8 


4.008 

a5eo 

47.043 
14.156 


ia6     20.2 
2a 6  {  10.4 


ia2 

25.0 


0. 000     35. 0 
3a 688  I  30.6 


20.6 
20.8 


11.8 
36.4 


6348  :      2a  153  I  20. 4     la  0 
25.801       2.6  I  34.0 


31  41  22.4 


32    4  30.3 
31  38  12. 1 


31  30  3a  7 
31  46  12. 2 


-17  54.2 

—  6  2L3 
+  4  la  6 

—10   ai 
+  7  19.6 

+13  51. 8 

-  0  2a5 


(•*)     I      22. 712     la  8     la  0  I  31  46  4L  2   —  1    4. 8 
6387  I      25.707  I  ia6     22.4  I 


2.0 

0.8 

-  a7, 

+  0.6 
-2.6 

+  e.4 

-  2.3  I 


-  a4 

-  2.6 


o     /       " 
31  45  33.04 

35.3 

28l5 

32.4 

32.8 

27.4 

31.7 

27.8 
33.1 
29.4 
33.3 
31.7 
29.5 
2a8 
8L5 
2a7 
37.8 
30.4 

42.6 
20.4 


[37.3) 

sao 


41.415  I  24.4     12.2  ,  32    1    7.7  ,-15  i 

6427  I      11.180  I  11.6  I  24.8  I  1 


—  a3  j 31  45  2a« 


» Should  read  20.0  n.O.       t38^087.        t26'.0O2.        &Diff.  22'.362,  not  12'.362.        ||Diff.  17'.  100,  not  7^.109. 
IT  Level  unintelligible.  ^  Diff.  2^.085  instead  of  3'.085. 


Digitized  by 


Google 


APPENDIX   0  0.  2057 

Ob9enfation$  and  oomputaiiana  for  UiUtude  of  Fort  BUs$,  Tex. — Contimied. 


Date. 


September  4, 1878  . 


6463  , 


6476 
6487 


6553  I 
6671 


6637 
*6667 


t6709 
6731 

:6833 
6847 

7091 
7107 
7121 
7160 
7173 

7218  I 
7256  I 


7301 
7345  ! 

7410  , 
7474  I 
7621  ! 

7555 
7561 


7627 

7641 
7676 

7688  I 
7700  I 

7723  I 
7749  ■ 

7796  ! 
7815  ; 

7855  - 


7932  I 
7946  I 

7958 
7984  I 

7995 


8050 
8082  . 


8128  I 
8160  > 


II      IN. 


LeveL 


30.863 
17.642 


27.837 
2L847 


a  135 
39.969 


23.605 
30.663 


18. 8     18. 4 
14. 0  :  2L  8 


II 
§1 


Correotioiis. 


If  icr.  and 
reft",     j 


LeveL 


31  38  45.5  ;+  6  50.6  j  —  2.3 


4.4     32.6  i  31  48  32.8  1-3    6.0 
20. 0       &  0  I 


2.2 


16.8     21.6     32    1  34.2  —15  57.7  '  +  2.7 
25.8     1L4 


20.4     16.6  ;  3141  56.6   +  3  36.1 
7.8     20.4  1  i 


11.453     15.8     2L8'  31  58  38.1' 
36.800     24.4     13.0  ,  I 


30.961  I 
19.362 


30.0 
-0.6 


7. 2  I  31  53  3&  3 
38.0  I 


-13    7.2 

-  8    4.5 


—  5.5 
+  L7 

-  4.9 


81  58  16. 1   -12  43. 6  i  —  2. 2 


13.266  I  24.0  I  13.6 
27.852  ,  10.0  I  27.4 


22.381     27.8  '    9.8     3139  2&0   +  6    6.7     +22.4 
24. 155     48. 2  '»&     ! 

I  >  i 

41.082     18.0     21.0  ,  31  33  40.3  1+11  53.8  ,— 2.8 
15.260  I  16.0  :  22.4  ' 
10.460     16.0  j  22.0 


T 


9.229 
37.460 


16.0  ;  22.0 
16.2     21.6 


27.919  ;  14.8  '  23.4 
20.308     19.2     20.0 


31  49  26. 7 


24.831  '  12.4  S  27.0     31  43  64.0  !+  1  38.3 
18.375     29.6  i  10.0  '  I 

24.966  :  29.4      9.8 


.  I 
8  63.6  i  -  2.9 
+  L6 


25.488 
39.246 
8.226 

29.016 
2L736 


14.0 
11.4 
2L4 

15.4 
16.6 


24.8  I  31  33    2.1  ;+]2  20.8 

27.6  I 

17.6  I  ' 


22.6 
23.4 


-  ao 


3149  2L6   -3  46.1  '  -4.7 


24.953  i  25.6     13.4  ,  31  43  22.2   +  2  ia4  [  +  4.7 


20.8  I  18.0  ^ 

14. 4     24. 8     31  54    7. 0 
19.4  :  19.6  : 


9. 2  ;  29. 8     31  33  50. 2    +11  38. 3     -  5.  fi 


t  33.6     -  3.3 


20.754 

33.872 
17.336 

35.717 

13. 236  ;  20. 6  '  la  8 

16.235  ;  lao     21.0     31  86  17.8  ,+  9  15.9  ,  — 6.3 
34. 132  I  12. 6     26. 8  | 

35.115  '  12.0  '  27.4     31  36  3a0  -f  8  6L6     +  2.0 
1&  003  I  30.8  I    9.0 


25. 834  i  22. 6  t  16. 8 


10.532  I  16.8 
46.202  !  24.6 


29.466  I 
19.098 


18.6 
19.2 


16.634  I  31.0 
22.983 
41.967 
36.723 


23.2 
16.0 


6.377 
43.329 


54.0  I  34.4 
21.4  >  ia6 
21.6  I  1&6 


82    3  28.1  -17  56.8     +  LO 

5  22. 2  I  —  1. 2 

8.8     31  41  22.9  +  4  13.9  i  —  6.4 


Merid. 


21. 0     31  60  50. 1 
20.6 


Latitade. 


31  46  33.8 
24.6 
39.2 
26.2 
32.6 
26.9 
8a3 
[156^1] 
3L3 

80.2 
33.9 

2&9 

30.8 
37.8 
30.1 
3L7 
28.4 
8L6 
33.2 
32.3 
35.7 
30.4 


Dur.  IS^.SOO. 


tDiflC  24'.586. 


14. 0  I  26. 2     32    4  39. 8 
30.4  I    9.6 

♦Dlff.  11'.  774.  f 


I  ) 

-19    7.7     +2.7  1 1    8145  34.8 

§LeTel  should  read,  5.4  34.4. 
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Dftte. 


September  4, 1878  . 


8177 
8188 


8268 


*8310 
8831 


Ohtervations  and  oompntaiions  for  latitude  of  Fort  BlisSf  Ter, — Continaed. 
S  ±  LeyeL  f  g  Carrectioiia. 


46.881 
42.248 
3.812 
86.727 

20.415 
11.688 


N. 


28.2 
48.0 
21.4 
15.0 

17.4 
10.6 


S. 


17.0 
22.2 
19.2 
26.0 

23.8 
2L0 


Micr.  and 
reft". 


Level. 


Merid. 


3188  12.5,4-7  19.2     -Ll!. 


31  30  37. 1   +14  53. 8 


2.4 


! 


Latitude. 


31  45  30.6 


81  45  2&S 


*Diff.  28'.777. 
Discus9um  of  laHtude^Fort  Bliss, 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
0. 
10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
10. 


...( 


...| 


la 

1 

11 

%4 

o 

6 

^ 

"A 

1 

2 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

(*) 

(*) 

2 

2 

2 

«M         Latitade. 


31  45  8L2  -0.60 
38. 70  -0. 88 
30.87  '  +0.60 
[30.50]  -0.04 
33.43  I  -0.08 
30.20  -Lll 
32.30 
.  2a37 
35.47 
28.30 
31.42 
32.52 
30.53 
29.50 
30.8 


30.17 
30.08 


+0.48 
-0.21 
-L12 
+0.24 
-0.02 
-0.67 
-0.00 
+0.07 
+0.67 


+0.41 
+0.80 
+0.34 


Aug.  20 


Aug.  80 


Sept   4 


lis 

III 
'11 


20.. 
21. 
22 
23. 
24.. 
25. 
26. 
27.. 
28. 
20 
30. 
31. 
I  32.. 
33 
34 
35. 
36. 
37. 


Latitude. 


31  45  3L40 
80.48 
20.8 
3L07 
33.3 
27.40 
80.72 
31.37 
82.00 
31.47 
20.32 
20.62 
31.37 
20.50 
88.83 
3L83 
32.80 
3L06 
80.78 


If  '  I. 


11 


+0.57 
-0.28 
+0.43 
+0.00 
-1.27 
+L00 
-0.26 
+  0.15 
-0.00 
+0.81 
+0.66 
+  0.62 
-0.13 
-L25 
-0.38 
+0.22 
-L34 
+0.20 
+L04 


Aug. 


Aug.  24. 
Aug.  30. 

Sept,    2. 


*  Not  observed. 


Pair  4;  place  of  star  *  uncertun. 
Final  latitude,  31°  45'  31'M4  ±  CM?. 

NoTK. — ^The  bell-tower  of  the  cathedral  in  El  Paso,  Mexico,  and  the  boundary  monument  on  the  rigb 
bank  of  the  Rio  Grande,  five  miles  above  El  Paso  on  the  parallel  of  31<>  47',  were  connected  with  the 
Fort  Bliss  astronomical  monument  by  triangulation. 

The  same  points  were  located  by  the  Mexican  Boundary  Commission  in  1852  and  1855. 

Their  longitudes  were  derived  fh>m  that  of  the  observatory  at  Frontera,  determined  by  M%j.  W.  H. 
Emory  from  observations  of  moon  culminations  on  38  nights  during  4  lunations  T  and  from  that  of  the 
observatory  at  San  Elceario,  determined  by  Lieut  W.  F.  Smith  from  similar  observations  on  32  nights 
during  5  lunations;  each  corrected  bv  half  the  difference  (0*.645)  between  the  astronomical  difference 
(1"  8*.60)  and  the  assumed  absolute  difference  of  longitude  (!"■  7*.30),  as  determined  by  56  signal  flashes 
of  gunpowder  simultaneously  observed  at  the  two  places  during  4  nights,  thus : 


Station. 


Astronomical 
determination. 


7    06    13.02 
7    05    04.43 


Correction 
due  to 
flashes. 


-  00.65 
+  00.64 


Final  viUue. 


In  arc. 


\.  m.      «. 
=  7    06    12. 37 
=  7    05    05. 07 


=  106    33    05.55 
=  106    16    16.05 


Frontera  (observatory) 

San  Elceario  (observatory) 

Frontera  is  about  8  miles  above  and  San  Elceario  22  miles  below  £1  Paso. 

The  lonffitude  of  Sr.  Salazar's  observatory  in  El  Paso,  Mexico,  was  determined  by  M^ior  Emory  by 
58  signal  flashes  during  4  nights  to  be  15*.04  east  of  Frontera.  Hence  ita  longitude  is  7^  6*  56*.43,  or 
106O  29^  6".45.  Its  latitude  was  determined  by  Sefior  Salazar,  the  principal  Mexican  engineer,  to  be  31^ 
44'  15".7  north. 

The  bell-tower  of  the  cathedral  is  600  feet  (5''.70)  east  and  200  feet  (1".08)  north  of  Salasar's  observa- 
torv  (Mexican  boundary  report,  page  141 ).    Hence  its  longitude  is  WiP  20^  0".66,  and  latitude  31°  44'  17".68. 

The  longitude  of  the  initial  point  of  the  boundarv  on  the  parallel  of  3P  47',  in  the  Rio  Grande,  was 
derived  from  Frontera  by  a  trigonometric  survey  by  J.  H.  (Jlark,  American  assistant  surveyor,  given 
106O  31'  26".50  (page  190,  vol.  1  of  report).  The  monument  on  the  right  bank  of  the  river  is  2''.7  west  of 
the  initial  point  as  derived  fh>m  the  values  of  the  longitudes  of  these  two  points  given  in  table  E,  page 
244,  of  Mexican  boundary  roport.  The  resulting  longitude  is  10(P  31'  29".20.  \\;s  laUtude,  SP  4?'  0", 
depends  on  that  of  the  astronomical  station  on  the  left  bank  of  the  river,  determined  by  J.  fi.  Clark  Uy 
108  observations  on  22  pairs  of  stars,  with  the  tenith  telescope,  to  be  31o  46'  51".29. 
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El  Psso  oathedral  (beH-tower). 

Boundary  monument  on  right 
bank  of  river. 

Latitude. 

Longitude. 

Latitude. 

Longitude. 

Mexican  BoimdAry  Commission 

United  States  geographical  sorrey 

O       '          // 
81    44    17.68 

31    44    14.85 

O        '           // 
106    29      0.66 

106    28    50.24 

o        /             /' 

31    47      a  00 
81    46    68.28 

o       t        n 
106    31    20.20 

106    81    88. 40 

For  velatiTe  position  of  points  see  sketch  herewith. 

The  accompanying  plate  shows  the  positions  of  the  astronomical  station  of  1878, 
neac  Fort  Bliss,  Tex.,  of  the  initial  astronomical  station  of  the  Mexican  Boandary 
Commission,  and  also  one  of  its  derived  positions  at  Frontera,  as  well  as  that  of  the 
boundary  monument  on  the  west  bank  ot  the  Rio  Grande. 

ASTRONOMICAL  STATION  AT  FORT  BAYARD,  IN  GRANT  COUNTY,  NBW  MEXICO. 

Geographical  poeition. 

Longitude,  108°  Oy  OS". 77  west  from  Greenwich. 

Latitude,  32°  47'  40".35  north. 

Barometric  altitude  of  the  observatory  above  sea-level  (top  of  monument,  which  is 
3  feet  high),  6,097  feet. 

The  monument  is  situated  on  the  summit  of  a  rounded  hill  of  svenlte  rock  just  out- 
side the  quadrangle  of  thepost  at  its  western  comer.  It  bears  from  the  flag-sta£f  in 
the  parade-^ound  south  6^  24'  O'',  and  is  636  feet  distant  from  it,  and  the  top  of  its 
foundation  is  3*2  feet  above  the  surface  at  the  flag-staff  and  6,094  feet  above  the  level 
of  the  sea. 

The  monument  is  built  of  brick,  18  by  22  inches,  on  a  solid  rock  foundation,  a  foot 
below  the  surface  and  29  inches  high  above  the  surface  (exclusive  of  the  thickness  of 
a  capstone). 


PHYSICAL  GEOGRAPHY  DETAILS. 

Fort  Bayard  lies  at  the  axis  of  an  anticlinal  vallev  at  the  backbone  of  the  continent, 
formed  by  the  fracture  of  the  arch  of  an  elevated  fold  and  denudation  by  weathering 
leaving  the  rims  20  miles  apart,  on  the  east  the  Santa  Rita  Mountains,  and  on  the 
west  the  Burro  and  Pinos  Altos  Mountains.  At  Bayard  syenitic  rock  forms  the  hiUs, 
and  thence  both  eastward  and  westward  newer  and  newer  rocks  come  successively  to 
the  surface.  Thus,  towards  the  east,  schists  and  gold-bearing  slates  (at  Central  City) ; 
quartzites  and  copper-bearing  sandstones ;  limestone;  quartzite  and  sandstone;  gold- 
bearine  slate ;  magnetite  and  hematite  iron  ores  in  massive  beds ;  copper-bearing  schists, 
erystalune  limestone,  and  white  marble  at  Santa  Rita  and  Hanover  copper  mines; 
silver-bearing  limestones  (Georgetown);  dikes,  and  superincumbent  beds  of  volcanic 
rocks.  Towards  the  west  there  is  a  similar  succession  of  rocks  up  to  the  gold-bettting 
rocks  at  Pinos  Altos  and  the  silver-bearing  Umestones  at  Silver  City. 

The  mountain-trough  is  diversified  by  a  succession  of  rounded  hills  and  rolling  ridges 
and  vales,  none  of  which  have  flowing  water,  except  the  lai^e  vale  in  which  Fort 
Bayard  is  situated,  and  a  still  larger  one  at  the  east,  Hanover  valley.  At  some  places 
the  hilltops  widen  into  tables,  and  at  others  there  are  narrow  rocky  ridges  and  ravines. 
Fort  Bayard  lies  at  the  foot  of  low,  round  syenite  hills,  at  the  head  of  a  vale  that  opens 
southward,  and  is  drained  by  a  rivulet  that  flows  by  Central  City  and  in  a  few  miles 
into  Hanover  Brook. 

The  hills  and  slopes  are  thinly  covered  by  juniper,  pine,  and  oak  trees  20  to  40  feet 
high,  scraggy  and  gnarled.  There  is  good  pasturage,  especially  in  the  long,  winding 
vales  where  the  water  drains.  The  lanoscape  is  sweet  and  restful ;  with  the  quiet,  green 
vales  bright  with  wild  flowers,  and  vistas  of  the  mountains  through  the  picturesquely 
shaped  and  grouped  trees  near  and  deep  blue  to  the  north,  east,  and  west,  and  distant, 
faint  blue,  and  vanishing  to  the  south  beyond  the  hazy  plain ;  the  Burro  Mountains 
to  the  west;  the  Pinos  ^tos  to  the  northwest;  the  Black  range  to  the  north;  Santa 
Rita,  forever  kneeling  and  supplicating  at  the  foot  of  an  inaccessible  precipice,  to  the 
east;  the  Floridas,  grandly  high  and  melting  blue,  to  the  southeast;  and  the  Boca 
'  Grande  and  Hacheta  Mountains,  over  the  border  in  Mexico,  far  and  faint  and  dreamy. 
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METBOROLOOICAL  CONDITIONS. 

Dnring  the  oocapancy  of  the  stationf  from  September  23  to  October  11,  there  were 
three  cloady  days,  on  October  4,  5,  and  6,  when  there  was  a  little  rain,  and  thunder- 
storms around  the  horizon  on  October  5.  All  the  remaining  days  the  sky  was  clear 
and  bright,  such  weather  as  only  a  mountain  climate  affords. 

Hi^h  winds,  from  10  to  20  or  25  miles  an  hour,  prevailed,  some  time  in  every  24  hours, 
with  intervals  of  calm  and  mo<lerate  winds.  On  September  29  and  30  and  October  5 
the  velocity  attained  40  to  50  miles  an  hour,  and  extra  ropes  and  iron  pins  had  to  be 
used  to  secure  the  observatory  tent,  and  by  the  morning  of  the  30th  four  of  the  ro^es 
had  parted.  The  blowing  dust  necessitated  the  taking  apart  and  cleaning  of  the  in- 
strument on  October  4.  The  winds  interfered  besides  witn  the  observations^  by  often 
blowing  the  lights  out. 

Resi&nts  say  that  usually  about  October  10  a  spell  of  cold,  rainy  weather  sets  in 
here.  The  bad  weather  on  October  4  to  6  seemed  to  be  a  forerunner  of  it,  and,  if  so, 
the  astronomical  observations  were  finished  just  in  time. 

The  hourly  meteorological  observations  were  made  from  September  25  to  October 
11,  and  afford  a  very  good  barometric  horary  curve,  of  which  tne  ordinates  are  as  fol- 
lows: 


Correction  to  ba- 
Hour.  rom.  reading. 

Inches. 

7  a.m —0.018 

8a.m —0.030 

9a.m —0.037 

10  a. m —0.036 

11  a.  m —0.026 

12m —0.007 

Ip.m -f- 0.010 

2p.m 4-0.027 

3p.m 4-0.033 

4p.m 4-0.041 

5p.m -1-0.034 

6p.m 4-0.023 


Correction  to  ba- 
Honr.  rom.  reading. 

Inches. 

7p.m 4-0.014 

8p.m 4-0.006 

9p.m —0.004 

lOp.m —0.011 

11  p.m —0.009 

12  p.  m —0.007 

la.m —0.002 

2a.m —0.003 

3a.m 4-0.002 

4a.m 4-0.004 

5a.m —0.001 

6  a.m —  O.Oll 


The  maximum  day  temperatures  ranged  from  70^  to  80^  F.,  and  the  minimum  night 
temperatures  from  50^  to  60^. 

The  prevailing  winds  were  from  the  southwest,  west,  and  northwest ;  less  frequent 
from  northeast,  seldom  fr^m  the  east  and  southeast,^  and  rarely  from  the  north  or  south. 
■  Day  after  day  the  sky  was  serene,  with  westerly  winds,  and  only  the  winds  from 
easterly  quarters  brought  clouds  and  showers.   * 

The  lowest  average  humidity  accompanied  a  southwest  wind,  being  0.25  to  0.35 ; 
with  a  northwest  wind,  0.45;  north,  0.50;  northeast,  0.60;  east,  0.60  to  0.80;  south- 
east, 0.40;  showing  a  regular  increase  of  humidity  and  approach  towards  saturation 
as  the  wind  veered  from  southwest  by  the  north  to  east. 

personnel;  observatory;  telegraph  lines. 

The  astronomical  observer  was  Miles  Rock,  C.  E.,  civilian  assistant  engineer,  and 
Fred.  W.  Floyd,  E.  M.,  was  the  assistant  and  meteorological  observer.  Dr.  August 
Herbst,  an  experienced  observer,  was  employed  temporarily  to  assist  in  the  hourly 
barometric  readings. 

The  observatory  was  a  small  wall-tent,  with  a  seam  ripped  and  fastened  apart  for  a 
meridian  opening. 

On  the  first  evening  Fred.  W.  Mallory  was  the  telegraph  operator,  and  W.  D. 
McChesney  on  the  other  four  nights — ^both  enlisted  men  in  the  United  States  Signal 
Corps.  The  telegraph  wires  used  from  Bayard  to  San  Diego  on  the  western  and  from 
Bayard  to  Santa  F^  on  the  eastern  circuit  belong  to  the  United  States  Military  Tele- 
graph, under  Gen.  A.  J.  Myer ;  the  wires  from  San  Diego,  via  Oakland,  to  Ogden,  and 
m>m  Santa  F6,  via  Pueblo  and  Cheyenne,  to  Ogden,  belong  to  the  Western  Union 
Telegraph  Company. 

DESCRIPTION  OF  INSTRUMENTS  USED. 

A  portable  transit  by  William  WUrdemann,  Washington,  marked  No.  28,  with 
micrometer-screw  and  zenith-telescope  attachments  for  latitude  observations  by  Tal- 
cott's  method,  was  used.  Its  focal  length  is  3  feet ;  diameter  of  object-glass,  2| 
inches ;  diameter  of  pivots,  1^  inches;  the  diagonal  eye-piece  magnifies  40  diameters. 
It  has  two  finding  circles,  attached  on  opposite  sides  of  the  eye  end  of  the  tube,  3f 
inches  in  diameter,  graduated  to  20*  and  reading  to  1'  by  vernier.  Another  circle,  6 
inches  in  diameter,  and  graduated  to  20'  and  reading  to  1'  by  vernier,  is  attached  with 
the  latitude  zenith-level  to  the  object  end  of  the  tube. 
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The  equatorial  intervals  of  the  threads  from  the  mean  of  all  7  is  as  follows:  For 
clamp  east: 

1-4    33.31 
2-4    12.44 
3-4      4.38 
4-5      4.02 
4-0    12.26 
4-7    33.82 
The  valne  of  a  division  of  the  striding  level  used  in  the  observations  here  and  at 
Port  Bliss  is  l^'.OG,  as  determined  by  Professor  Harkness's  level-trier  at  the  United 
States  Naval  Observatory.    The  valne  62",  1^  for  one  revohition  of  the  micrometer- 
screw  was  employed  in  the  reductions,  but  considered  to  include  refraction.    On  dis- 
cussing the  results  for  latitude,  a  correction  -f-0".07  for  every  minute  of  the  microm- 
eter correction  was  added ;  this  also  includes  refraction.    So  that  the  definitive  value 
of  one  revolution  is  62".12-|-  0.0724 — refraction,  or  about  62".  17.    The  valne  of  one 
division  of  the  zenith-telescope  level  is  IMO. 

The  remaining  instruments  used  were  two  chronometers :  a  mean-time  chronometer, 
Button  No.  288,  which  was  used  in  exchanging  sijguais,  and  compared  with  the  side- 
real immediately  before  and  after  the  exchange  of  signals,  and  also  at  the  beginning  and 
end  of  the  night's  star  observations.  The  local  time  was  determined  with  a  sidereal  break- 
circuit  chronometer,  Negus  No.  1344,  and  was  connected  with  a  siugle  small  Le  Clanch^ 
cell  and  ah  ordinary  telegraph-sounder  to  help  the  observer  hear  the  seconds  ticks. 
All  the  observations  were  made  by  eye  and  ear. 

The  mean-time  chronometer  was  carried  to  the  telegraph  office  for  exchange  of  sig- 
nals, a  distance  of  about  400  feet. 

POINTS  WITH  WHICH  CONNECTIONS  WKBE  MADE,  AC. 

Telegraphic  connection  was  made  with  the  engineer  observatory  at  Ogden,  Utah, 
on  five  nights :  September  26  and  30,  1878,  and  October  I  and  3,  by  United  States  mil- 
itary telegraph  through  Silver  City,  N.  Mex.,  9  miles ;  Phoenix,  Ariz.,  360  miles;  Fort 
Yuma,  Cal.,  200  miles,  to  San  Diego,  Cal.,  175  miles ;  thence  by  lines  of  the  Western 
Union  Company  through  Los  Angeles,  125  miles;  San  Francisco  (Oakland),  450;  to 
Ogden,  830,  altogether  about  2,150  miles.  The  signals  were  automatically  repeated 
at  Silver  City,  Pnosnix,  and  San  Diego. 

On  September  27  the  connection  was  made  by  the  United  States  military  telegraph 
through  Mesilla,  100  miles;  Santa  F^,  300;  Pueblo,  300;  Denver,  125;  Chevenne,  110; 
to  Ogden,  515,  altogether  about  1,450  miles.  The  signals  were  automatically  repeated 
at  Santa  F^,  N.  Mex. 

On  some  nights,  by  the  longer  circuit,  the  impulses  arrived  so  weak  that  the  relay 
on  the  main  line  could  not  open  the  local  circuit,  and  the  signals  had  to  be  read  by  the 
faint  click  of  the  relay  armature.  Tfiis  way  is  preferable  whenever  it  is  quiet  enough 
to  hear,  as  the  click  is  sharp  and  it  reduces  the  automatic  repetitions  by  one. 

The  observations  were  computed  and  arranged,  as  they  follow,  by  Professor  T.  H. 
Safford. 

TabnUUUm  of  Btars  used  far  determiwiHon  of  Ume  at  Ogden f  Utahf  and  Fori  Bayard^  X.  Mex. 


Kame  of  star. 


SO  Bnconis.... 

Y  ^jrm 

S  Aqalle 

c  Lyns. ...... 

19  Lyi» 

i  Dnconis 

9  Cygni 

»  HeSi  Cygni  . 

i  8*«ttt»^7.. 

12  ViUpeGiilff.. 

c  Bnconis. 


^      Aqiii]j». 


Ogden,  Utah. 


Fori  Bayard,  K.  Hex. 


I 


1^      !:      S 

I 


I 


ill 

QD     1    era 
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Tabulation  of  stars  used  for  determinaiidn  of  time  at  Ogden,  Utah,  ^c. — Continaed. 


• 

Ogden,  Utab. 

Fort  Bayard, 

If.  Hex. 

Name  of  star. 

1 

^ 

1 

i 

! 

1 

1 

1 

September  80. 

1 

0^ 

1 

1 

y     Cygni 

io   event 

X 

1 

i  ^ 

^ 

X 

X 

I.... 

40  Cygni 

41  Cygni 

...... 

X 

'.....J 

X 
X 

X 
X 

«      Delphlni 

6roombr.3241 

X 

X 

' 1 

X 

78    l>raconi8... 

X 

X 

X 

X 

a     Delnbini 

X 
X 

I  ^S3^.;;;::::::;::::::::::;:::: :::::::::::: 



Pi.  XX,  283 

X 

1 

«      Cygni 

X 

•     '* 

X 

X 
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Ogden  
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Form  No.  12. 

il  ■ 

1 

i 

Corrected  time. 

Difference  of  longi- 
tude. 

1 

1 
0.70 

h.  m.    t. 

22  14  30.  00 
12  11    3.38 
22  22  18.  63 
12  18  50. 00 

A.  m.    8. 

-  2  34.76 
+10  16  15.29 

—  2  34. 74 
+10  16  16.50 

h.  m.    t.     m,    i. 

22  1155.25                ) 
22  27  18.  65 15  23. 40  I 
22  10  43.  89                 f 
22  35  06.5915  22. 70  J 

m.    «. 
15  23L060 

22    7  30.00 
12    0    4.32 
22  14    7.04 
12    6  40.  00 

—  2  33.56 
+  10  20  15.25 

-  2  .33.  56 
+  10  20  16.21 

22    4  56. 44                 ) 
22  20  19.  57  15  23. 13  t 
22  1133.48                 ( 
22  26  56. 21 15  22. 73  J 

0.40 

15  22L9W 

22  31  30.  00 
12  12    2. 17 
22  54  22. 15 
12  34  50. 00 

-  2  28. 21 
+  10  32  23.04 

—  2  2H.  18 
+  10  32  26.88 

22  29    1. 79                 1 
22  44  25. 21 15  23. 42 

22  5153.97 

23  7  16.8815  22  91. 

0.51 

1 

15  281165 

22  56  35.  00 
12  33    3.  30 

23  2  43. 16 
12  39  10. 00 

-  2  20.42 
+  10  36  28.50 

-  2  26. 42 
+  10  36  29.53 

22  54    8.  58                ) 

23  9  31.  89  15  23. 31 1 
23    0  16.  74                 f 
23  15  39.5315  22. 79  J 

0.52 

1 

15  23L0W 

22  21  30. 00 

11  50    6.18 
22  31  26. 16 

12  0    0.00 

-  2  22.32 
+10  44  24.  03 

-  2  22. 30 
+  10  44  26.60 

22  19    7.  68                 ) 
22  34  31. 13  15  23. 45  I 
22  29    3.  86                 f 
22  44  26.6015  22. 74  J 

1 
0.71 

1 

15  23L005 

Final  difference  of  longitude:  IS™.  23».058  ±  0-.025,  or  3^  50'  45''.87  ±  0".38. 
Subtracting  this  value  from  the  longitude  of  Ogden  &»  given  in  the  quarto  rexKirt, 
we  find  108°  9'  8".77  for  the  longitude  of  Fort  Bayard. 

For  the  personal  equation,  see  report  on  geographical  position  of  Fort  Bliss. 
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Mmm  place  of  iiarsfor  1878.0  used  for  ihe  determination  of  latitude  of  Fori  Bayard^  N.  Ifer. 


'    No. 
RA.C. 


Class.       K.A. 


Decliuatloii. 


No.  , 
B.A.C.^ 


RA. 


Declination. 


6626  A 

M42  B 

6647  B 

1)  C 

'   2)  C 

6697  A 

6723  A 

6748  B 

6772  A  A 

6783  B 

6790  C 

6833  AA 

6852  B 

6867  r. 

6893  A 

6026  A 

6934  A 

6966  A  . 

6086  B 

6096  B 

7022  A 

.3)  C 

7U6  A 

.,   7149  A  A 

7182  A 

72U0  A 

7220  A 

7255  A 

7275  A 

7200  A 

7333  A 

7356  A 

4)  C 
7402  A 

7418  '  AA 

5)  C 
7455  A 

6)  C 
7480  A 

.    7)  C 

J   7544  A 

7585  ,  A 

7508  A 

76U6  A 


A,  m.  $.  o     t      n 

19  15  22       49  20  37.6 7681 

10  18  53       16  42  5.2 7705 

19  19  16       16  43  10.7 7712 

10  21  57       14  2  14.1 7723 

10  23  45       14  20  47.2 7730 

10  26  'J»  51  28  13.4 

19  31  10       50  58  31.4 7777 

7708 

19  35  57       54  41  15.  8 

19  40  28       10  19  1.9 7814 

7837 

19  41  57   12)   18  14  4. 0 

19  43  53       47  36  24.6 8) 

7014 

19  40  19   13)   6  6  11.6 

19  51  24       50  23  10.4 7032 

7058 

19  53  36       58  31  14.8 8023 

19  58  11   14)   6  56  5.2 

8071 

20  2  16       67  31  32.5 8U83 

20  5  1   15)  —  1  10  55. 0 

8131 

20  10  6       25  13  13.8 816U 

20  12  35       30  59  IH.  0 8229 

20  13  48       40  21  8.  5 

20  17  51       39  52  1.3 8243  , 

20  26  45       25  23  39. 2 0) 

20  33  25       15  24  38.8 8300 

20  33  58       15  28  57.0 H322 

20  38  27       40  54  8.6 8330 

20  41  0       15  41  8. 6 

8 

20  42  48       61  21  54.8 10) 

20  49  34   16)    4  4  4. 1 

•     5g 

20  52  49       21  51  18.1  '.'.'.'.'.  100 

20  53  57       43  50  48.  0 

21  0  30  '      43  26  30.3 142 

21  5  2       21  57  30.8 153 

21  11  47   17)   43  43  44.3 

21  13  54       43  25  50.1 173 

220 

21  16  27       10  17  0. 0  I 

21  16  55   17)   46  12  37.9 201 

21  20  51       46  11  10.6 11) 

21  23  20       46  1  40.8 213 

21  24  57       46  0  11.2 

21  25  7       45  53  31.2 222 

244 

21  35  24       42  43  13.6 2.'>4 

21  40  28       22  23  1.3.7 288 

21  42  17       48  44  43.8 334 

21  44  20       10  43  8.6 345 


C 
B 
A 

A 
B 

A 
A 

A 

B 

B 
A 

A 

A 
A 

A 
A 

A 
A 

A 

A 
C 

A 
C 
B 

B  ' 

C   I 

A 
A 

B 
A 

A 
A 

B  ' 

c 

B 

A 
(3 
B 
A 

AA 
B 


A.  nu  «. 

21  58  1 

22  1  6 
22  2  7 

22  4  3 
22  8  0 

22  10  30 
22  15  41 

22  19  3 
22  23  10 


23 

23 


3  53 

7  25 


14) 


22  34  03   18) 
22  36  2 

22  38  39 
22  44  7 
22  56  10 


23  14  36 
23  19  17 
23  32  9 

23  35  49   19) 
23  36  36   17) 

23  46  24 
23  51  0 
23  52  50 

0  2  45 
0  5  36 

0  11  57 
0  23  41 

0  28  36 
0  30  11 

0  34  31 
0  43' 20 

0  38  21 

0  39  7   20) 

0  40  40 

0  42  21   15) 
0  47  46 
0  40  25 
0  56  37   13) 


2  54 
4  23 


44  34&0 
44  25  17.8 

21  6  34.9 

5  35  aaL« 

60  022.9 

57  8  30.1 
27  42  50.3 

0  45  32L0 
64  90  37.3 

36  57  28.6 
38  40  16.S 

41  10  45.4 
23  57  28.0 

41  40  14.0 

9  0  30.6 
56  20  41.4 

23  4  21.8 

22  43  57.4 

42  35  33.8 

1  6  31. 5 
63  50  20.2 

10  16  7.4 
55  1  38.0 
55  4  32.8 

17  32  LS 
47  28  22.2 

36  6  31.4 
20  4  43.2 

12  42  1.0 

53  13  30.6 

38  47  la  5 
27  2  44.3 

54  33  11. 1 
54  38  16.0 

11  18  20.5 

6  55  14.  S 

58  18  41.3 
58  31  17. 3 

7  13  58.4 

34  58  24.2 
30  46  3L0 


l)8d.039. 
2)8d  046. 

3)  48*  Heis  Vulpeoulsp. 

4)  Oroom.  3420. 

5)  Groom.  3438. 

6)  Sd.  1318. 
7)Sd.l323. 
8>28HeisLaceTta\ 

9>  Groom.  4130  -  Dm.  63°  2038  C.  S. 

16)  Groom,  9 --.  S*l.  1735. 

U)  Groom.  137  =Pi.  0.168. 

12)  This  star'R  declination  hoH  been  corrected  by 


— 0."8  by  the  German  Society's  new  o«t«lo2ue  de- 
pending upon  newer  observations ;  it  will  now  be 
C'laHHed  A. 

13)  Declination  from  mean  of  G.  and  B. 

14)  Declination  from  B. 

15)  Declination  from  G. 

10)  Declination  only  approximate. 

17)  Declination  only  approximate  firom  RC. 

18)  Declination  from  Main  71  —  2  —  3;  three  ob- 
servations which  do  not  a^ee  well. 

19)  I<>om  American  Ephemcris  for  1881,  p.  336. 

20)  Position  from  a  preliminary  discussion. 
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Obeercations  and  computations  for  l^ititude,  Fort  Bayard j  N.  Mex. 


Date. 


October!,  1878. 


1^ 


66R7 
6723  I 

06748 
a6772  I 

67KJ  I 
67B9  ' 

6833  ! 
6852  I 

6867 


6966 
6986  I 
7022  I 

7149 
7182  i 
67200  I 

7220  ' 
7255  I 

7275  I 
7290 
7333 
C7356 
7402 


7418  I 
7455 
7480  I 

7544 
7585  , 

I 

7598  ! 
7606  ' 

7723  I 
7759 

7814 
7837 


7914 


7958 
8023  , 


8071 


8131 
8160 
8229  , 

(28243  , 


8300 
8322 
8330 


I    S' 


Level. 


N. 


5  « 
•  a 


Corrections. 


Micr.  and 
t      refr.     i 


Level.    Merid. 


Latitude. 


23.989 

37.702 

9.025 


9.581  '  2a  6 
43.823  I  17.0 


15. 0  35. 0 
37. 0  13.  2 
32.0     1&4  . 

22.0 
33.0  ' 


I 


32  47  22.1    +0  19.4-0.4    32  47  4L1 


la  803  ,28. 6     22. 0  I  32  55  33. 4   -.  7  49. 4 
3L  917     17. 0     32. 8  I  j 


21.475  I  25.6  ;  25.4 
26.715     26.0     25.0: 

2&  025  i  30.  0     2L  0 
20.772     15.8     34.2 

39. 055  27. 8  '  22. 8  , 
17. 653  I  26. 0  24.  8  , 
10.642  ,  25.2     25.4 

29. 725  !  15. 2  I  35. 4  I 
18.  446  32. 4  i  18.  6  , 
17.  762  ,  30. 8     20. 6  I 


2a  880  ;  16. 6  35.  0 

20.513  34.0  17.6 

24.  556  31. 2  '  20. 6  '  32  46  19. 9 

a  558  I  17.0  35.0 

40.  687  1  15. 6  37. 0  I 

30. 510  '  31.  8  ,  20. 6 

41. 172  I  17. 2  I  35. 0  I 


32  30  26u  8    +17  12.5     —  2.9 

I 
-.9| 

32  44  59.2+2  42.8     +0.4: 

I  I        I 

324359.0    f3  45.3— 2.9i 

I  ! 

32  34  4a 4    rl2  53.6     +  L7 

I  I     '  I 

32  44  58.8  ;+  2  44.6     -  0.5  I 

I  '  ' 

32  43  22. 1     i-  4  19. 9     —  0. 6 


1  20. 9     —  2. 5 


I 


33.453 
27.  3.52 
16.717 

11.  517 
3a  519 

27.046 
20.  714 

29. 457 
ia084 

34  945 
17.302 


15.6 
38.0 
37.6 

13.2 
3a  6 

I 
35.8 
23.0 

23.2 
37.8 

22.6 
33.4 


36.6 
14.4 
14.8  j 

38.0 
14.0  , 


32  41  46. 2    f  5  54. 7  ,  +  0. 7 


I 


32  33  40.4    fl3  5a7  ,  -  0.1 


I 


16. 0  I  32  44  22.  9 
29.6  I 


f  3  la  7  f  +  4. 1 


30.0 
15.2 


32  53    4. 4    -  5  25. 2  ,+  4.  9 


I 


I 


I 


31.  4     32  38  31. 2     f  9    a  0     +  1.  3 
20.4  i 


32  49  2L  2    -  1  4L  3     +  4.  0 


15.  4 
32.2 


26. 762     3a  6 

23.501  I  2L8  I 

19.923  I  34.2     ia8  '  32  49  19.9  ' 
16. 777     la  0  I  37. 2  I  I 


1  37.7  ;  -  L8 


23.637 
2a  349 

34.054 
14.364 
2a  708 

43.  024 
a  808 

ia948 
35.000  , 
32.238 


24.4 
27.4 

37.8 
3a  4 
15.6 

1 

1.5.6 

la  J 

34.  0 
29.6 
27.4 


2a  6 
25.6 

15.6 
1.5.8 
39.0 

3a  4 

38.0 

21.0 
25.4 
27.4 


32  50    9. 0    -  2  26.  4     -  0.  7 


32  45  20.  9     ;-  2  19. 7 

I  I 


39  28  53.7     f  18  44.9 

i  I 

32  40    4. 9    +  7  35. 7 


-  0.3  I 


0.0  , 


I 


+  4.7 


I 


8 


32  30  40.  6    i  16  58.  3 


1.4 


42.892     31.8     24.2 

10. 108     22. 0  I  34.  0 
alMfleroncc  should  be  33^242. 

b  I  have  as8ume<l  the  level  reading  for  7200  =  20.6  N.  30.8  S. 
c  Possibly  the  middle  point  betwe<'n  73.54  and  73,56  is  taken ;  in  this  case  add 
dl  suppose  one  level  was  misread ;  I  don't  know  which. 


98L4 

4L1 

42.4 

.    4L4 

4X7 

42.9 

4L4 
88.3 

4L6 

3QL0 
43L7 
44.1 
40.5 
43L» 
40.4 
4L9 
40.3 

88.0 
4&8 

32  47  37.5 


.3  to  result. 
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Obaervations  and  computations  far  latitude j  Fort  Bayard,  X,  Mex. — Contmned. 


Micrometer 
readings. 

LeveL 

mof 
tion. 

Corrections. 

Bate. 

N;   '    S. 

II 

Micr.and 

TOfr. 

LereL  '  Merid. 

1 

Latitude. 

1    O    1      //             /      // 

// 

0     f      a 

Od3ober4,1878 

58 
109 

14.129     33.2     23.6,32  36    6.1    +1133.7 
36. 464     20. 8  j  35. 6  j                      i 

-  L6  ' 

82  47  8a2 

142 
153 

ia822     16.0  '40.2     32  58  14.2-10  30.2-0.1    

37.112     40.0     16.2                                            1 

43.9 

Oetober  6, 1878  .... 

6748 
6772 

9.965     27.0,24.0     32  30  28.9   +17  10.6  .-  L  1 
43. 146     22. 6     29. 0 

36.4 

6833 
6852 

28.762     20.0     31.6     32  44  59.3    +  2  41.2 
23.571     80.6     21.2  I                       | 

-0.7 

3as 

6867 
6893 

20.945     23.2     28.8     32  43  59.2+3  41.8 
28.086     26.4     25.4  |                       | 

-  L4 

39.6 

6966 
6986 
6996 
7022 

11. 648     24. 6 
83.055     31.2 
1L929     31.2 
40. 018     33.  0 
21.  749     la  8 

36.8     32  4140.1 

21.0 

20.8  ' 

19.0 

34.8 

+  6    L4 

-0.9 

40.6 

7146 
7149 
7182 
7200 

15.690 
19.847 
30.930 
3L560 

1 

32  43  14. 9    +  4  26. 0 

-  L5 

!              39.4 

1 

25.0 
26.8 
25.0 

29.0 
27.6 
29.0 

7220 
7255 

20. 440  '  41. 2 
28.847  ,  17.8 

13.6 
36.4 

32  43  22. 3   +  4  21. 1 

+  2.8 

46.2 

7275 
7290 
7333 
7356 
7402 

25. 605  '  17, 6     37. 4 
41.  551  :  38. 4  '  16. 6 

9.429     44.0  '  11.0 
19. 624     IL  4  ,  44. 2 

8. 931  j  39. 6  j  11.  6 

32  46  20.1    +  122.1 

+  0.4 

42.6 

7418 
7455 

**"7486* 

17.538 
23.624 
32.659 
34.288 

42.2     14.0     32  41    7.9   +  6  33.0 
9.4  ,  46u4                 .       1 

3.0     52+  .                      1 

-  4.7 

3^2 

7544 
7585 

38.439 
11.398 

32.2  '  24.6 
24.0     32.8 

32  83  40.7    +13  59.9 

-  0.4 

4a2 

7598 
7606 

22.904     33.0 
29. 252     12. 6 

24.0 
44.4 

32  44  23.1    +  3  17.2 

-  6.9 

33.4 

7681 
7705 
7712 

87.541     83.6 
16.734     33.2 
14.234  ;  25.4 

24.0 
24.4 
32.4 

32  41    LI 

+  6  40.8 

+  0.7 

42.6 

7723 
7759 

30. 133  !  37. 6 
19. 772  ,  20. 0 

20.4 
37.6 

32  53    4.7 

-  5  21. 8 

-  0.1 



42.8 

7777 
779 

46. 605  '  22. 2 
5. 214  ,  39. 2 

35.6 

ia6 

32  26  13. 3 

+21  25. 6 

+  2.2 



4L1 

"'ml' 

27. 653  ,  39. 4 
24.434  {    9.8 

ia6 
4ao 

32  49  21. 6   -  1  40. 0 

-  5.4 

S8.2 

7932 
7958 
8023 

41.362 
16.193 
12.978 

19.2 
42.4 
12.6 

39.4 
1&6 
46.4 

32  41  6ai    +  6  40.9 

-0.4 

3&6 

8071 
8083 

23. 579 
2a  337 

27.4 
31.0 

32.0 
2a6 

32  50    9. 3   -  2  27. 8 

-  0.7 

1              W.S 

8131 
8160 
8229 

33.  769     39.  0 
13.  967     34. 0 
28.364     16.0 

20.4 
25.4 
43.8 

32  45  2L3    +  2  19.6 

-  4.4 

3.5 

8 

43.477  '  ia4  !  41.4     32  30  41.0   +16  68.6 
10.684  i  35.6  ,  26.0  1 

-  8.8 

35.8 

68 
109 

14.255     3a  6,  21. 4     32  36    6.5   +1183.4 
36.580  1  U.0  '  49.0                         l 

-6.4 

'    32  47  33.5 

1 

a 

Level  o 

f6966ineT 

Tor;  I 

liavei 

isefl  a  mean 

level  for  tl 

lis  group 

1. 
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Observationa  and  computations  for  latitude,  Fort  Bayard,  N.  Mcx. — Continued. 


Dftte. 


October  6,  1878. 


October?,  1878. 


|5 


i  «6 

9  bfi 


LeT«l. 


u 


Corrections. 


I 


Micr.  and 
'     reftr. 


Latitude* 


Level.    Merid. 


142 
153  ' 


173 
229 


6996  i 
7022 


7146 


17.186  25.6  34.0  '  32  58  14.6  -10  30.9  '  -}-  1.5  I 

37.500  37.0  23.6 

33. 765  29. 2  30. 4  32  55  30.  5  -  7  49. 6  '  +  1. 1 

la  646  32. 2  27. 6  I  , 

89. 872  I  27. 2  27. 4  32  41  40. 1  \-  Q    2. 0  -  1. 8  . 

18.553  26.8  28.0  |  I       I 

39.634  25.8  29.0  ' 

11.544  I  24.4  30.0  l 

29.923  25.0  29.8  !  ,  1 

34.517  '  19.6  35.4  32  43  1,>.0  \-   4  27.2  -  2.9  '. 


7149  I   80.346  19.2  35.8 


7182 
7200 

7220 
7255 

I 

7275 
7290 
7333  I 
7356 


I 


7402 
7418 
7455 


19.234  32.0  23.0 

1&648  16.0  39.0  I  | 

!      I     '    I 

28.401  I  21.2  34.2  32  43  22.4  |-  4  aO  -2.51 

20.403  '  30.8  26.0  I  I 

I     I  I        I 

24. 975  33. 2  22. 4  32  47  7. 6  h  0  33. 3  -  L  8 

8.938  22.4  33.6  I  ,        I 

41.  Ill  '  17.  0  38.  8  I        I 

30.955  I  35.0  I  20.8  ' 

A.  480  19. 8  36. 


41.  621  16. 4  39. 8 

I 


I 


,      33.  029     28. 6  27. 8  !  32  40  52. 1    f  6  49. 4 

I      28.316  ,  26.0  3a  4  I  , 

26.  907     26. 2  30. 4 

I       17.881     24.0  32.4  I  | 

7480         16.258   U  n  •>«  ^  I  I 

, 9.875 


1.4  I 


7.'>44  ' 
7585  , 

7598  ' 
7006 

7681  ' 
7705  I 
7712  I 

7723 
7759  i 

7777  I 
7798  I 

7814 
7837 


^26.0  '  30.4 


I  33  40. 8    f  14    1. 9     -  5.  7  ; 


I 


!  44  23. 3    4-  8  16. 2      h  L  2 


11. 666  .38.  2     18.  8 

38. 772  I    9. 4  ^  47. 2  i 

27. 430  26. 0  !  30.  8  , 

2L  112  :  32. 6     24. 0  I 

12.750  !  37.4     19.4     32  41    1.2   +  6  41.7     -  3.4 

33.601  36.0  ,  21.0  I 

86. 142  14. 6     42. 0 


I 


I 


19. 899  '  26. 0     30. 4     32  53    4. 8   -  5  24. 0 
30.330     31.2     25.4  ' 


3.949  >  3L0     26.0 
45. 477     17. 8  I  38. 4 

i 


!  26  13. 4   +21  29. 9 

i 


0  I  32  38  31. 6   +  9  11. 3 


7914 

7932 
7958  I 
8023 

8131  I 
8160  ' 
8229 


8300 


35.212     24.8 
17.465     32.6     24. 0  ^ 


86. 816  '  80. 0  ,  27. 0     32  49  21. 7   —  1  88. 0 
23. 160     16. 6  I  41. 0 


40.449  I  29.0  26.2 
15. 118  23.  6  33.  8 
12. 058  I  81. 8     26.  2 


+  0.4  I 

-  4.8  I 
+  0.4! 

-  6.6  j 


33.315     32.8  !  2a 
13.493     2a  8     32.4  , 
27. 938     la  4     41. 2 

43. 883  I  15. 0     4a  8     32  ! 
7.635     37.4  1  2L8  I 


I  41  68.3    -f-  5  45.9     -  L9  j 
I  i 

4  '  32  45  21. 4    f  2  20. 8     —  a  9 


t  54.2    +18  45.9     —  4.1  ' 

'  I  I 

la  661     3a  8     28.  ^  ,  32  40    ,5.  5   +  7  3a  5     —  2.  5  ' 

34.753     2a  0  ;  33.2  I  , 

31. 966     22. 8     Sa  6  I  |  | 

42.603     28.4  I  31.6  '  32  .30  41.2    +16  58.4     —  L5 
9.816     29.0  I  3a  6  I  I  I 

I  I 

ia772     24.6     3a 4     32  36    a 7   +1135.4     +ai 


109  I      3a  162     3a  6     24.4 


1 


32  47  4a  2 

0 
42.0 

40.3 

39.3 

2a  5 
3a  1 

4a  1 

37.0 
4a  7 

3a  5 

4L2 

sas 
4a  3 

37.1 
42.3 

35.3 

sao 

39.5 

3a  1 

32  47  42. 2 
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Observatiotu  and  computations  for  latitude,  Fort  Bayard,  X,  Mex, — Continued. 


Date. 


'    ^ 


IS 


»  ^  LeveL 


h 


Corrections. 


SI       "'JI""  l-™l- !««'«• 


Latitude. 


October  7, 1878 

142 
153 

15.314 
35.637 

22.4 
34.6 

37.2 
25.4 

'       173 
229 

33.690 
ia621 

34.2 
17.4 

25.2 
4L6 

Octobor8,1878 «826 

1      6642 

10.562 
37.524 

22.0 
36.8 

32.6 

18.2 



"6687' 
6723 

aP.2a2 
27.116 
13.337 
42.020 

30.4 
27.6 
21.8 
19.2 

25.0 
27.8 
34.0 
36.6 

6748 
6772 

41.006 
7.767 

32.0 
18.8 

24.4 
38.0 

6833 
6852 

27.852 
22.643 

20.0 
35.0 

37.0 
22.2 

6867 
6893 

22  270 
20.477 

31.0 
20.6 

26.0 
36.8 

1      6926 

6934 

1 

2.932 
47.  207 

24.2 
(6) 

33.2 

6366 
6986 
6996 
7022 

10. 532 
31. 924 
10, 715 
38.933 
20.611 

30.0 
29.4 
34.0 
29.8 
26.0 

27.4 
28.2 
23.6 
27.4 
3L8 

7140  ' 
7149 
7182 
•  7200 

15.384 
19.547 
30.636 
3L340 

31.2 
30.6 
22.6 
35.0 

26.8 
27.2 
35.2 
22.8 

7220  , 
7255 

21. 462 
29.837 

37.0 
15.4 

20.6 
43.0 

7275 
7290 
7333  t 
7356  1 
7402  ; 

25.993 
41.986 

9.776 
19.929 

9.283 

32.8 
26.0 
23.0 
32.4 
21.8 

26.0 
33.0 
36.2 
27.2 
38.0 

7418  1 
"7455 
"7486*1 

17.396 
22.130 
23.564 
32.538 
<j33.125 
40.505 

27.2 
26.8 
23.4 
25.4 
) 

82.6 
32.8 
36.2 
34.2 

^0.2 

39.0 

7544 
7585 

38.003 
11.822 

24.4 
32.6 

3.5.  0 
27.0 

7598 
7606 

22.991 
29.350 

45.0 
13.6 

14.8 
40.4 

7681 
7705  i 
7712 

37.792 
16.967 
14.500 

27.8 
28.0 
33.0 

32.6 
32.4 
27.6 

7723 
7759 

29.759 
19.338 

32.6 
24.8 

27.8 
35.8 

7777  , 
7798 

45.682 
4.300 

25.0 
37.2 

35.8 
23.8 

7814 
7837 

dl.5. 364 
32. 036 

39.0 
22.8 

22.4 
39.0 

1 

i  "eibii' 

24.  .514 
27.050 

20.0 
41.2 

41.2 
20.4 

a9'.232  uscMl. 
1  canuot  t«Il  what. 

6Mi8Sod. 

e  Read  34' 

.125. 

32  58  14.8—10  31.2     —1.7    32  47  41.9 


32  55  30.7  —7  48.0     —4.7    . 

33  1  38.3  —13  57.4     +  2.5   . 

32  42  43. 9    4-  4  55. 2     —  3. 8    , 

I 
32  30  26.9    fl7  12.4     —  3.6    . 

'        I 

32  44  50. 5    +  2  41. 8     —  L  3  ! . 


I 

32  43  50.3    +  3  43.8  ;  —  3.5  '. 

33  10  37.0  —22  55.2     —  1.8  !• 
32  41  40. 2    +  6    0. 9     +  1.  0  > . 


32  43  15.1    +  4  25.3     —  1.8  I 


32  43  22. 5    -j-  4  20. 1  '  —  3. 5 


32  46  20.4    +  1  21.1     —  L9 


32  40  52. 3  H    6  53. 0  ,  -  5. 3 


32  33  41.0  +14  1.1  -  1.5  . 
32  44  23. 4  +  3  17. 5  -  0. 8  I . 
32  41    1.4    +  6  40.0     +  0.2  |. 

32  53    5. 0   -  5  23. 7     -  1. 9   . 

'  '  I 

32  26  13.6   +21  25.3     h    0.8    . 

'  '        1 

32  38  31. 8    -f  9    8. 9     +  0. 1    . 


38.0 
43.4 
35.3 

35.7 
40.0 
39.0 
40.0 
42.1 

38.0 

39.1 
30.6 

40.0 

40.6 
40.1 
4L6 

30.4 

39.7 

47  40.8 


32  49  21. 9    -  1  18.  8 

I 


0.1    32  48    aO 


d  Mlcr.  diff.  17'.672,  not  16', 


e Some  mistake; 
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Observations  and  compuiatians  for  ?a«/u'?«,  Fort  Bayard^  N.  MeJt, — Continued. 

(m  I  ..  !  I  Cm       •  I  I 

« §  Corrections.  | 

if    I 

c  S 

«»-s         Mlcr.  and 


Bate. 


11 


Level. 


refr. 


Level.    Merid. 


October  8, 1878 7032  I 

7058 
8023 

i      I 
!  08071  1 


8131  I 
8160 


8243  ! 

8300 
8322 
8330 

8 


bo8 
109 


el42  I 
153 


201  I 
*2i3' 


October  0,1878 «226 

6642 
I   6647 


6607 
6723 

6748  I 
6772 

6783 
6709 

6833 
6852 

6867 
6893 

6926 
6934 

6066 
6986 
6906 
7022 


7146 
7149  I 
7182  I 
7200.' 

7220 
7255  ' 

aMicr.diff  4'.764.not5'. 
33^588,  nut  13'. 


0.112 
84.880 
37. 514 

27.789 
22.025 


42.  0  ; 
24.8  ' 
35.0 

40.4 
19.2  ' 


4  l-f  5  43.7     -f-  L2  I 


la  916  22. 8 
36.  554  !  24. 4 
22.  207     33.  0 


19.  2  ;  32  41  58. 

36.6  I  ; 

26.6'  I 

I  III 

21. 6     32  50    9. 6   —  2  28. 0     —  1. 4 

*^-^\  .   I  !         I 

3&  8  '  32  45  2L  6  h-  2  20. 6     —  3. 0 

37.2 

28.2  I 


, 


6.  504     23.  0     38.  0  I  32  28  54, 4  '^18  47.  8     -  4.  3  , 
42.  903  I  2&  0     25. 0  , 


1 


31.228     24.0  ,  37.0  ' 

15. 129     34. 0  '  27. 0  I 

17. 066  I  35. 6     25. 6  I 

'  '  I 

37. 0  ,  24.  6 
18. 6  '  42. 8 


32  40    5.6 


6.900 
39.703 


+  7  38. 0     -  1. 4 


32  30  4L4    +16  58.0-3.7 


36. 093     26. 2 
13.634     34.0 


35.0     32  36    6.9  H  U  34.5 
27.2  I 


0.6 


3a  8.54     3.-..  2 
13. 409     31. 4 


26. 4  i  32  58  15. 
30.0 


16. 142  < 
IL  227 
32.758  I 


30.  2     32  57  35. 
0.4  I 


31. 0 
31.0 
33.0     28.4  , 


0    -10  35. 0     H-  3.  2 

I  '        I 

0-9  52.4     -f  1.6 


222 
244  I 
254  ; 

288 

334  I 
345  ' 


1.5. 483  I  27.  0 
35.285     22.0 
23. 18:) 
(/13.588 


26.041 
15.924 


34.4 

39.2 

22. 6     38. 6 

37.8     24.4 

I 
31. 0     31. 4 
30.  2     32. 0 


32  45  15. 7     f  2  25. 9  ;  -  4. 2  I 


10.  835     31. 0 
37. 670     18. 
3&743 


20.8 

34.0 

1&  0     34. 0 


32  52  56. 

33  1  54. 


0    -  5  14.2  ,  -  0.7 
7  '  -14  10.  6     -  L  8 


8.988  I  37.0 
26.  910  35. 6 
13.222  I  5.2 
41.  553  ,  26. 4 


I 


16.0 
17.0  I 
48.0  , 
27.2  I 


I 


I  42  43. 9  4-  4  53. 0     —  0. 6  , 


41.273 
7.983 


32.823 
17.734 


19.4 
30.6 


30.2 
22.0 


34. 2  I  32  30  27. 
23.4  , 


I 


23.8 
2L4 


0    +17  14. 0     -  2. 4  I 

i  !        I 

32  55  33.6  ;-  7  48.7     +  2.2  , 


2«.  312     17.  8 
23.  089     33.  0 


36. 4     32  44  50. 
21.4 


21.  .554 
28.725 


37. 0  '  17.  8  I  32  43  59. 
12.  6     42. 0  ' 


2.018     28.6  ,  26.4 

47. 118     22. 8  32.  0 

I 

29.  2  2.5.  6 

20.  0  35.  0 

25. 0  30.  0 

24.0  31. '4 

2L  300     29.  0  27. 0 


11.077 
32.533 
11.369 


33  10  37. 
32  41  40. 


5    -  2  42. 2     —  2. 2 

I  ' 

4    -4-  3  42.7     —  3.2 

I  '        I 

1  |-22  52. 0  I  —  2. 2  I 

3  '+  6    0.1     —  2.0  ' 

I  I 


I 


I 
39. 4  .  17. 0     32  43  15. 
30.0     18.0  I 
3.0     53-f 


1.5. 310 
19.475 
30. 613 
3L248  ,  49.6  I    7.0  , 


2  1+  4  27.2     —  6.8 


21.556  33.0  I  39.4 
29.944  17.0  '  23.4 
b  Micr.  diff.  22'.359,  not  23'. 


Latitude. 


O        I      It 

32  47  43. 3 


40.2 
30.2 

37.9 
40.2 

36.6 
40.8 
43.2 
44.2 

37.4 

41.1 
42.3 

36.3 

38.6 
47.1 
39.5 
38.9 
42.0 
38.4 

35.6 


43  22.6+4  20.5-4.0    32  47  39.1 


I 

c  Micr.  diff  .20'.445,  not  25'.  dRoad 
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Observations  and  computations  for  latitude,  Fori  Bat/ard,  N.  Mex, — Continned. 


Date. 


U 


Id 
I 


Level. 


N.        S. 


!      I 


October  9, 1878  . 


I 


7275 
7290 
7333 

rase 

7402 
7418 
*7455' 
'7480 


25.262 
41.187  , 

9.044 
19.244  I 

8.522 

16.860  I 
21.  529  I 
a27.973 
32.033 
33.505 


*§ 

II 

^^SJih"^l  ^^-  ^''^^' 

Latitude. 

0     >      ,» 

,    „   ^     „     \ 

o       /      *• 

21.8 
33.0 
32.0 
19.2 
34.0 


32.4 
18.4 

lao 

14.8 
13.4 


35.4     32  46  20.5   +  1  22.9  ;— 2.3 

24.0 

25.0 

38.0 

23.4 

25. 4     32  42  10. 0    )-  5  31. 3     —  5. 7 

39.0  i 

39.8  ' 

43.6 

44.4 


32  47  41. 1 


I 


35.6 


7544 
7585 

38.716 
11.677 

20.4 
39.0 

37.8 
19.6 

32  33  41. 1 

fl3  59.8 

+  0.6 

4L5 

7598 
7006 

23.255 
29.064 

34.0 
11.0, 

24.0 
46.8  , 

32  44  23.6 

1-  3  19. 0 

-ao^ !           34.6 

1 

7681  , 

7705 

7712 

37.350 
16. 514 
14.006 

30.0 
31.4 
25.6 

27.8 
26.8 
32.6 

32  41    1.5 

f  6  4L4 

-0.8    42.1 

7723 
7759 

30.705 
20.334 

42.8 
11.0 

15.6 
47.0 

32  53    5.1 

-522.1 

-  2.7 

!              40.3 

1 

7814 
7837 

14. 164     29.  0 
3L  832  1  27. 8 

29.4 
31.0 

32  38  31. 9 

f  9  as 

-  1.1 

.19.6 

\              \ 

"mi' 

23.471 
26.612 

29.4 
20.0 

29.6 
38.8 

32  49  22.1 

-  1  37.6 

-5.9    1               38.6 

1               ' 

7932 
7958 
8023 

10. 415 
85.671 
38.854 

43.4 
15.0 
44.0 

15.6 
43.6 
15.6 

32  41  58.6 

1-  5  42.8 

-0.2' 41.2 

1               1 
1               ■ 

8071 
8083 

27.114 
22.298 

28.2 
31.0 

31.6 

28.8 

32  50    9.8 

-2  29.6 

-0.4 

3a8 

8131 
8160 
8229 

16.607 
36w248 
2L922 

33.8 
33.4 
26.0 

27.0 
27.0 
35.0 

32  45  21. 8 

+  2  19.8 

-  0.7 

........                 40.9 

1 

8243 

6.813 
42.986 

36.0 
1  27.0 

24.8 
34.0 

32  28  54. 6 

f  18  43.5 

+  1.3    

39.4 

8300 
8322 
8330 

81.425 
15.339 
18.225 

15.8 
J45.O 

45.0 
16.0 

32  40    5.8 

+  7  34.8 

-0.1    

1 

40.5 

8 

7.090 
39.863 

40.2 
12.4 

21.0 
48.6 

32  30  41. 0 

1-16  57.9 

1 

-  5.3  ! 

1 

34.2 

58 
109 

38. 'HH) 
14.120 

27.0 
32.4 

34.0 

28.8 

32  36    7.1 

f  11  35. 1 

1 

-  LI 

4L1 

142 
153 

33.768 
13.398 

36.8 
28.4 

24.8 
33.0 

32  58  15. 2 

-10  32.7 

1 

+  2.4 

44.9 

201 
213 

15.  430 
32.030 

22.0 
86.0 

39.2 
25.4 

32  56  19. 0 

-  8  35.6 

1 

-2.0 

4t4 

244 
254 

288 

34.764 
22.653 
33.023 

27.8 
28.0 
31.0 

33.6 
33.0 
29.8 

32  49  56.9 

-  2  14. 0 

-  L3 

41.« 

334 
345 

29.640 
19.507 

32.4 
29.0 

28.8 
32.2 

82  52  56. 2 

-  5  12. 9 

1 

+  0.1  ; 32  47  43.4 

'               1 

< 

t  Reml  22'.973. 
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Discttsmon  of  latitude,  Fart  Bayard, 


1 

.a 

•^5 

'Si 

n 

o 

?2i 

1 

Correction  to 
miorum. 

j 

Is 

Number   of 
stars. 

1  Latitude. 

1 

1 

s 

O          '            '/ 

/» 

o       /        // 

*/ 

1 

2 

'3 

32    47    4L0 

-  LO 

17 

3 

2 

82    47    3a6 

+  1.6 

2 

3 

4 

38.2 

+  0.2 

18 

4 

2 

39.5 

+  0.6 

3 

4 

2 

38.2 

+  1.2 

19 

5 

2 

41.0 

-  0.1 

4 

2 

2 

43.7 

0.0 

20 

5 

3 

39.6 

+  0.3 

5 

4 

2 

40.3 

+  0.2 

21 

4 

2 

40.0 

-  0.2 

6 

4 

2 

41.6 

+  0.8 

22 

5 

3 

40.0 

+  0.2 

7 

2 

2 

41.6 

-  1.6 

23 

4 

2 

38.4 

+  1.8 

8 

5 

5 

40.0 

+  0.6 

24 

4 

8 

39.8 

+  0.5 

9 

6 

*4 

40.5 

+  0.3 

25 

5 

2 

38.0 

+  1.2 

10 

4 

2* 

41.7 

+  0.8 

26 

6 

2 

30.7 

+  0.8 

11 

5 

•6 

40.2 

+  0.1 

'        27 

5 

2 

41.4 

-0.7 

12 

5 

2 

40.6 

+  0.4 

;        28 

2 

2 

39.8 

-  0.6 

13 

5 

2 

39.7 

+  1.0 

29 

2 

3 

4L4 

-  0.6 

14 

5 

3 

39.2 

+  0.2 

30 

2 

4 

40.8 

0.0 

15 

5 

2 

40.5 

+  0.5 

31 

2 

2 

41.1 

-  0.4 

16 

3 

2 

40.1 

-  0.4 

Final  latitude:  32°  AT  40".35  i  (K'.18. 

In  this  Btation's  work  it  was  toiind  tliat  the  levels  were  nueertain.  Hence  a  cor- 
rection was  applied  to  each  result  as  given  in  the  table  of  details  to  reduce  to  the  con- 
stant level  values  for  the  several  nights : 

October  4,  +  O'M. 
October  6,  — 1".4. 
October  7,  —  2".6. 
October  8,  — 1".4. 
October  9,  —  1".6. 

That  is,  the  two  observations  of  combination  1,  October  8  and  9,  where  level  cor- 
rections in  the  tables  of  details  are  -|-  2".5  and  —  1".8,  respectively,  receive  the  cor- 
rections — 3".9  and  -f  0".2,  reducing  to  — 1".4  and  —  l"S,  In  this  way  the  agreement 
of  the  pairs  (see  above)  is  much  improved ;  but  the  probable  error  of  final  latitude  is 
calculated  allowing  for  the  probable  error  -t  0".12,  derived  from  the  table  just  pre- 
ceding, and  J^  0".  14  uncertainty  of  the  mean  of  levels  for  five  nights. 

The  following  table  comprises  the  latitudes  of  a  number  of  points  at 
which  sextant  observ^ations  were  made  during  1878,  and  the  subsequent 
computations  by  officers  of  the  surv^ey,  during  the  office  seasony  viz : 
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The  executive  report  of  Professor  SaflTord,  who  occupied  the  observa- 
tory at  Ogden,  Utah,  appears  as  Appendix  H. 

Assistant  John  H.  Clark  presents  a  brief  account  of  his  occupancy  of 
three  of  the  five  main  stations.    (See  Api>endix  I.) 

While  en  route  to  his  field  of  duty  in  Southern  New  Mexico,  Assistant 
Miles  Rock  found  himself  at  Santa  F^,  N.  Mex.,  within  the  line  of  shadow 
of  the  total  solar  eclipse  of  July  27, 1878;  his  observations  are  noted  in 
his  brief  report.    (See  Appendix  J.) 

It  had  been  intended  to  make  brief  mention  of  the  use  of  the  observa- 
tory by  the  French  commission  of  astronomers  sent  to  observe  the  transit 
of  Mercury  of  May  6,  1878,  in  the  report  of  that  year.  The  party  con- 
sisted of  Prof.  Charles  Andr^,  director  of  the  Observatory  of  Lyons ; 
Alfred  Angot,  professor  of  physics  in  the  Lycee  Fontanes,  Paris,  and 
Monsieur  Hatt,  hydrographic  engineer  of  tlie  French  navy.  The  observ- 
atory and  its  appurtenances  were  placed  at  the  disposal  of  these  gentle- 
men, and  such  assistance  as  was  i)racticable  was  rendered  by  Assistant 
Francis  Klett  and  Sergeant  Hoftinann,  Fourteenth  Infantry.  The  com- 
mission were  present  in  Ogden  from  April  2  to  May  11,  and  while  the 
observations  were  not  wholly  successful,  a  considerable  number  of  photo- 
graphs of  the  different  phases  of  the  transit  were  secured.  The  official 
report  showing  the  results  of  these  observations  is  awaited  with  much 
interest. 

GEODETIC  AND   TOPOGRAPHICAL. 

Five  bases  have  been  measure<l  in  the  vicinity  of  the  following  points: 
1,  Austin,  Nev. ;  2,  Fresno,  Cal. ;  3,  Dalles,  Oreg. ;  4,  Fort  Bliss,  Texas ; 
5,  Fort  Bayard,  X.  Mex.,  and  the  development  made  therefrom  in  each 
instance. 

AUSTIN  AUXILIARY   BASE. 

This  line  was  located  about  1  mile  northeast  by  eust  from  Austin,  and 
was  measured  for  the  i>urpose  of  connecting  the  astronomical  monument 
at  Austin  with  Mount  Prometheus.  The  line  was  measured  but  once,  by 
Lieutenant  Ludlow  and  Mr.  Klett.  The  mea^surement  was  made  on 
stakes  driven  into  the  ground  and  aligned  for  the  purpose ;  the  difference 
of  level  for  each  fifty  feet  was  obtained  by  using  the  same  stakes  as  sta- 
tions.   The  measured  length  of  the  line  was  500  feet. 

FRESNO  BASE. 

This  line  was  located  about  5  miles  east  of  Fresno.  It  wa.s  twice 
measured  with  a  compensatexl  steel-tape  line  (Stackpole  make);  the  tape 
was  daily  twice  compared  with  standard  rods.  The  measurement  was 
made  on  stools  3  feet  above  the  ground.  The^e  stools  were  centered  by 
plumb-lines  over  a  wire  600  feet  long,  which  waS  tightly  stretched  in 
the  direction  of  the  base  line.  The  two  measurements  were  made  by 
Lieutenant  Ludlow,  Mr.  Klett,  and  Mr.  Bailey,  and  diflP^red  by  0.3"  inch, 
the  mean  length  being  22,227.04  feet.  The  line  was  leveled  by  Mr.  Klett, 
the  distance  between  the  level  stations  depending  upon  the  nature  of 
the  ground. 

DALLES   BASE. 

The  base  line  at  the  Dalles  was  selected  by  Lieutenant  Symons,  and 
was  located  northwest  of  the  town.  It  was  twice  measured  with  a  Stack- 
I)ole  compensated  steel  tape,  the  two  measures  differing  by  0.3  feet.  The 
first  measurement  was  made  by  Lieutenant  Symons  and  Mr.  Kahler; 
the  second  was  made  by  Mr.  Kahler.    The  line  was  leveled  by  Mr. 
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Kahler,  the  triangulation  InstrumeDt  being  used  for  the  puri>08e.  Stakes 
were  driven  every  50  feet  and  measures  made  upon  these  as  wer^  also 
the  levels.  The  measurement  reduced  for  level  and  elevation  above  the 
sea  gives  for  the  adopted  length  of  the  base,  at  sea-level,  8,639.974  feet. 
The  ends  of  the  base  were  marked  by  iron  pins  driven  into  the  ground. 
For  the  purpose  of  development  large  wooden  frames  were  erected  over 
the  ends  of  the  line,  but  were  not  intended  to  be  permanent. 

FORT  BUSS  BASE. 

This  line  was  laid  out  on  a  nearly  level  plain  about  5  miles  east  of 
Franklin,  Tex.  The  ends  were  marked  by  cross-lines  on  copper  tacks 
driven  into  large  wooden  pegs  which  were  firmly  set  in  the  ground. 
The  line  between  the  ends  was  carefully  grubbed  of  the  small  bushes, 
and  was  made  as  smooth  as  possible.  It  was  also  leveled  and  a  correc- 
tion determined  to  the  measured  distance.  The  measurements,  two  in 
number,  were  made  with  a  compensated  50-feet  steel  tape  by  Stackpole, 
which  was  set  at  90°,  the  difference  between  the  actual  and  set  temper- 
atures at  each  1,000  feet  being  noted  and  the  corresponding  corrections 
coniputed.  The  ends  of  each  50  feet  were  marked  by  pins  stuck  in  board 
boxes  which  were  firmly  fixed  by  means  of  long  iron  nails  which  were 
pressed  into  the  earth.    The  results  were  as  follows : 

Temp.  cor.  Level  cor. 
Feet.  feet.  feet.  Feet. 

First  measureraent  by  Maxson  &  Walbridge  . .  8, 049. 639  +  0. 632  -  0. 020  =  8, 050. 291 
Second  measureraent  by  Griffin  &  Maxson . . , .  8, 049. 789  +  0. 512  -  0. 020  =  8, 050. 271 

Mean 8,050.281 

Retlnction  to  sea-level - 1.321 

Length  of  base  at  sea-level 5,048.960 

BAYARD  BASE. 

Was  measured  on  the  plain  west  of  the  Santa  Rita  Mountains,  near  the 
warm  springs  of  Apache  Tejo.  The  line  wa«  twice  measured  by  Mr. 
Nell  and  his  assistant  Mr.  Gillette,  and  leveled  by  the  latter.  The  meas- 
urement was  made  with, a  Stackpole  compensated  steel-tape  line  of  50 
feet  length. 

The  first  measurement  gave  27,265. 968  feet. 
The  second  measarement  gave  27,265. 906  feet. 

The  separate  lengths  of  the  line  were  marked  by  pins  on  boards  placed 
at  the  proper  distances  for  the  purpose.  The  temperature  of  the  tape 
was  recorded  every  1,000  feet  and  adjusted  at  the  same  intervals.  The 
ends  of  the  line  were  marked  by  wooden  poles  6  inches  in  diameter. 
These  marks  were  not  intended  to  be  i)ermanent. 

A  triangulation  has  been  extended  over  the  area  occupied  by  each 
party  connecting  with  that  of  previous  years,  except  the  larger  area  tra- 
versed by  the  two  divisions  of  party  1,  California  section,  about  18,0<H) 
square  miles,  that  in  one  season  could  only  be  fairly  reconnoiten»d  for 
the  best  selection  of  points.  More  than  ordinary  care  has  been  observed 
in  selecting  the  best  points  and  in  multiplying  observations. 

The  are^  covered  tox)ographically  has  been  approximately  26,550  square 
miles,  and  is  distributed  in  the  following  basins  of  drainage : 

The  northwestern  arm  of  the  "  Great  Interior  Basin."    The  basin  of 

the  Upper  Klamath  River,  and  the  basin  of  the  Columbia  contiguous  to 

and  east  of  the  Cascade  Range.    In  the  mountain  basins  at  the  head  wa- 

ters  of  the  Tuolumne,  Stanislaus,  Merced,  and  Feather  Rivers,  all  of 

132  £ 
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which  are  tributary  to  the  inland  valleys  of  California.  A  portion  of  the 
area  also  fell  in  the  basin  of  the  Rio  Grande. 

The  elevations  above  sea  at  which  the  work  has  been  carried  on  vary 
from  171  feet  as  the  lowest  to  14,000  feet,  being  White  Mountain  Peak, 
Nevada,  as  the  highest.  Land  classification  data  have  been  secured 
incidentally  to  the  progress  of  the  work.  Magnetic  observations  have 
been  secured  at  all  prominent  points.  As  usual,  connection  has  been 
made  with  boundary  monuments  and  stakes  of  the  United  States  land 
survey  where  the  latter  were  found.  The  special  survey  of  the  Great 
Salt  Lake  and  vicinity  has  been  completed  so  far  as  relates  to  its  mean- 
der and  that  of  the  islands,  and  their  contour  with  numerous  soundings 
and  observations  for  surface  evaporation  have  been  made.  In  order  to 
complete  the  triangulation  and  topography  of  certain  atlas  sheets 
abeady  entered  ui)on,  viz,  20  A,  20  C,  29  A,  29  C,  38  B,  56  D,  73,  52  D, 
80  B,  84  D,  90  A,  and  90  0,  it  will  be  necessary  that  a  number  of  small 
parties  shall  take  the  field  during  a  subsequent  season  to  fill  gaps.  (See 
statement  at  end  of  office  estimate.) 

The  route  followed  by  myself  during  thg  season  of  1878  was  from 
Reno,  on  the  Central  Pacific  Railroad,  to  Camp  Bid  well,  Cal. ;  thence  to 
Fort  BJamath,  Oreg.;  thence  northward  to  the  Dalles,  on  the  Columbia 
River,  and  eastward  to  Walla  Walla,  in  Washington  Territory. 

This  gave  mean  opi)ortunity  to  see  the  northwestern  arm  of  the  great 
interior  basin  and  its  approach  to  the  Cascade  Range,  the  relation 
between  the  northern  Sierras  and  the  former  range,  and  to  scan  large 
interior  areas  east  of  the  Cascades,  to  note  the  extremely  desert-like 
ai)pearance  of  ]S^orthwe8tem  Nevada,  and  to  encompass  as  well  within 
one  season^s  observations  a  transit  of  the  luxurious  valley  of  the  Wil- 
lamette; and  thus  desert,  valley,  mountain,  and  plain  were  cursorily 
examincKl,  and  an  opportunity  afforded  to  contrast  this  section  with  that 
of  like  altitudes  visited  in  other  field  seasons  at  lower  latitudes,  and  to 
select  elevated  geodetic  stations  to  the  eastward  of  the  Cascades,  to  be 
occupied  in  the  development  of  a  network  of  triangles,  extending  fix)m 
the  Central  Pacific  Railroad  to  the  Columbia  River,  and  covering  large 
parts  of  California,  Nevada,  and  Oregon. 

Other  than  this  brief  mention  will  be  left  to  volume  1,  soon  forthcom- 
ing, that  treats  somewhat  systematically  the  area  visited  by  myself 
during  the  several  expeditions. 

The  lines  of  the  earlier  exi)lorers — ^Fr^mont,  Williamson,  and  Ab- 
bott—along the  east  base  of  the  Cascades  were  followed  in  part,  and 
scenes  made  familiar  by  their  writings  recognized.  This  section  is 
still  an  almost  untrodden  wilderness,  unbroken  save  now  and  then  by 
the  presence  of  an  adventurous  ranchman  and  stock-raiser,  changing, 
however,  as  one  nears  the  Columbia  River,  where,  at  intervals  of  never 
less  than  5  miles,  a  few  small  farming  settlements  ai>pear. 
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Ll8t  of  TriangulaHon  Stations, 


1' 

"^  1 

Name  of  peak. 

State  or  Ter- 
ritory. 

i 

1 

4 

• 

1 

Bemarka. 

1 

Priiuarj'   triangolatioii 
staiions: 
Pyramid 

^ 

S6 

666 
566 
566 

o    /    // 

o     /    /» 

Triangulation  sheet 

1 

California... 

...do 

Nevada 

Califoniia  .. 

....do 

....do 

38  50  34 
38  51  19 
a«  fil  AH 

120    9  19 

10, 127. 1 

2 

3  f 

Freel'e 

Silver  Lake 

Elephant 

Mokelumne 

Hishland  

119  53  50 
119  28  34 

10,848.9 

t 

6 

566    38  39  40 
566'  38  32    9 
566    38  32  28 
566|  38  26    3 
5661  38  21    4 
56dl  37  57  51 
56d'  37  50  89 
56d  37  48    8 
56d,  37  41  36 
56d  37  31  34 
56d>  37  26  33 
56d  37  20  47 

119  59  54 

120  530 
119  45  10 
119  18    7 
119  37  57 
119  19    6 

119  80  28 

120  19  34 
119  25  83 

119  44  17 

120  8  33 
119  25  32 
119  16    7 

10, 418. 9 
9,467.2 
10, 956. 6 
11, 778. 1 
11,478.7 
12, 51&  4 
10,871.7 
2, 971. 3 

7 

Sweetwater 

....do 

8 

Sonora 

...do 

0 

Conneas 

...  do 

10 

Hoflmann 

...  do 

11 

Moccaain 

....do 

12 

Clark 

...do 

11,266.0  1 

13 

Devil's   

...  do 

6,909.9 

14  i 

Schnltz 

....do 

2,275.2  1 

15  1 

Chiqalto 

...do 

8, 136. 2  1 

in  ^ 

Lvell 

do 

66d 
56 

566 

37  44  11 

13, 190. 7  1 

Secon^ry  triangulation 
statione: 
Stevens' 

Do. 

17  1 

CaUfomia... 
— do 

..  do 

....do 

38  43  53 

119  58  44 
119  52  11 
119  16  17 
119  47  17 
119  23  35 
119  29  12 

10,  Oil.  3 
9, 970.  2 

12, 2^9. 2 
7, 153. 5 

11,231.4 
fl.  772.  a 

18 

Gary's 

Dunderberg 

Wade's 

5661  38  44  10 
56d   38    3  43 
Bed)  37  61    9 
56d  37  49  55 
56dl  37  45  53 
56d   37  37  65 
56d    37  45  3fl 

?1 ' 

Ensineer ............ 

22 

Clond  Reat 

..  do 

23  1 

Merced 

...do 

119  23  31     11. 413. 3 

24  < 

PUot 

Primary    triangulation 
stations: 

Basalt 

Paradise 

....do 

119  56    1 

1 

57 

57a 
576 

Do. 

25 
?6 

Nevada 

..do 

38  59  10 
38  48  16 

118  25  59 
117  49  23 

6,  599. 2 
8.662.4 

27  1 

Poston 

....do 

576    38  49  49 
57a   38  33  57 
57c  1  37  53  49 
57c ;  37  50    8 
57c  1  .17  37  .M 

117  20  56     11,977.7 

118  47  16     11, 326.  0 

28  I 

Cory    

....do 

29 

Dana 

California... 
....do 

119  13    5  1 ' 

30  , 

McBride 

118  2113     13.442.7 

31  1 

White  Moimtain... 

..do 

do 

118  15    8 
118  43  47 

32  I 

57c 
64 

646 
646 
65 

65a 
65a 
65a 

37  24    7 

1 

Primary    triangulation 
sUtions: 

Green  Mountain 

Deadwood 

Primary   triangulation 
stations: 
Waucoha 

Do. 

": 

California... 
....do 

37  15  44 
37  18  37 

119  59  20 
119  41  00 

1, 351. 7 
4,451.3 

Do. 

35 

California. . . 

....do 

do 

37    1    8 
36  38  41 
36  34  33 

118    0  23  i  11,267.1 

117  55  56  1 

118  17  32     14. 448. 4 

3« 
97 

New  York  Butte... 
Whitney 

88 

Olancha       

....do  . ...... 

65c    36  15  44 
6dd  36    6  56 
65c'  35  46  48 
65cl  35  44    5 
65d  36    9  52 
656    36  56    4 

118    7  10 

117  29  50 

118  35  17 

12,250.8 
*8,844 
8, 334. 8 

39 

Matiifftngo 

....do 

40 

Sunday 

....do 

41 

Owen's.     .......... 

....do 

118    0    0 
117    6  27 

42 

Telescone 

....do 

*10, 937 

43 

"Wahguyhe 

do 

117    6  16 

*8, 527.  9 

Secondary  triangulation 
stations: 
Corcoran 

65 
65a 

Do. 

44 

CaUfomia... 
..do    

36  31  14 

118  14  24 
118  34  41 

14, 093. 7 
ft.  121. 7 

45 

Thunder     

65c    36    4  52 

Primary    triangulation 
stations: 
Big  Butte    

32 

32a 
32d 

Triangulation  sheet 
No.  11. 

46 

Idaho  

...  do    

43  23  42 
4.")     5  34 

113    1  38       7,668.7 

111  18  58       9, 694.  6 

112  10  10       8, 905. 3 
111  15  11      10.540.9 

47 

Mount  Pisgah 

48 

"M^nnnt.  Piitmun    . 

..  do   

32d  42  57    8 
82d  42  29  41 
32(ii  42  20    0 

49 

Meade    

...do 

50 

Elkhom      (north 
point). 
Secondary-  trianguhition 
stations: 

PUlar  Butte 

Badger   

....do 

112  19  56 

32 

32c 
32c 

Do, 

51 

Idaho  

....do 

42  52  58 
42  33     1 

113  13    9 
113    4    1 
112  42  43 

112  7  58 

113  3  35 
112  39  38 
111  55  40 

5.301.1 
6,  389.  0 
8,358.9 

53 

Bftnn"«k  - ^ 

....do 

32c    42  36    9 
32dl  42  65    3 
32c  *  42  26  46 
32c ,  42  28  13 
32di  42  30  54 

54 

South  Putnam 

do 

55 

Cedar  Creek 

....do 

7. 586. 5 

8. 817. 6 
9,207.2 

Sfi 

Deep  Creek 

...  do 

57 

Sedgwick 

...do 
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58 


80 


84 


87 


90 


100 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 


112 
113 


Shernuui '  Idaho . 


OD 

i    ! 

i 

s 

3 
< 

1    i 

1 

O   /  II 

O        f      II 

32d 

42  27  62 

111  33  11 

I  i 

_5 ' 

9,572.0 


RemArka. 


Primary   triangulation    

stations  '•  i 

Pilot  Knob Nevada 

Desert Utah  . . 

Primary   triangulation    

stations : 

Cache Idaho.. 

Black  Pine do. 

(*lear  Creek i  Utah  . . 

Blue  Spring I do  .. 

Naomi do  . . 

Tangent do  .. 

Promontonr i , . .  do  . . 

Newfoundland do  . . 

North  Ogden do  . . 

Observatory . .  do  . . 

Antelope  Island do  . . 

Secondary'  triangulation 

stations : 

Oxford   '  Idaho  . 

CaHtle  Rock do  . . 

Klmbairs i  Utoh  .. 

Bhukiiutte .....do.. 

Box  Elder ....do.. 

South  Promontory  . do  . . 

Barton I do  .  - 

I         Porcupine "      ..  ' do.. 

I  Primary   triangulation  { 

station : 

I         West  Twin I  Utah  .. 

Primary   triangulation   

I      stations:  j 

I         Lo-lo-che-wis |  Oregon 

,         Suearloaf d*» , 

I         Cedar i  Califomia..  I 

j         "Warren    , do } 

SouthFork I        do j 

j         Division ]  Nevada 

I         Mahogany ' — do i 

I         Granite | do , 

Observation  I  Califomia . . 

I         Fredonyer i do ' 

'  Secondary  triangulation  j  i 

stations :  I 

North  End I  Oregon  .   ..J 

Bidwell      California  .., 

Camp  Bidwell  Flag- 1  .• . .  .do 

staff.  I  I 

Yellow  Mesa Nevaila ' 

"49" |....do ' 

AlturasHill Califomia  ..i 

Eagle I.... do 

Hat   j do I 

McDonald  I — do 

Primary   triangulation  | I 

station :  j 

Plut« [Nevada 

Primary   triangulation    | 

stations :  I  < 

Lassen's  Butte i  Califomia  . .  I 

Hot  Springs do 


40d  41  1  12 
40d  40  67  2  1 
41  ' 

114  4  62 
113  47  36 

10, 758. 3 
8, 175. 4 

Triangnlation  sheet 

No.1l. 
Triangnlation  iheet 

No.  12. 


Do. 


41a  42  11  4 

113  39  55 

10,451.2 

41a  42  7  8 

113  7  28 

9,386.0 

4la  41  41  23 

113  44  44 

9,132.1  ' 

41a  41  47  36 

U2  32  54 

7.131.4  . 

416  41  64  89 

111  40  46 

9,951.0  1 

41i;  41  28  51 

113  10  42 
112  30  45 

41c  41  29  22 

7,459.7  , 

41c  41  11  7 

113  22  19 

7,045.5 

41d  41  21  45 

111  57  53 

9,695.7  , 

Aid   41  11  57 

111  53  10 

9,589.2  ' 

41d  40  57  40 
41  

112  13  12 

6, 660. 1  ' 

Do. 

41b  42  16  8 

112  6  5 

9,386u0  ' 

41&  42  12  0 

111  33  8 

9,610.9  1 

41b  41  57  40 

ni  13  57 

7,777.7  ' 

416  41  55  86 

112  7  37 
112  1  7 

1 

416  41  38  6 

9,541.8 

41c  41  18  22 

112  27  5 

41d  41  4  52 

111  51  20 

9,854.2 

41d  41  1  7 

111  7  7 

1 

50  



' 

Do. 

506'  40  85  44 

Ill  43  42 

1 

38   

Triangnlation  sheet 
No.  7. 

1 

38a'  42  18  22 

120  37  88 

7,967.2  ' 

386  42  17  58 

120  7  12 

8, 415. 6  I 

386  41  36  32 

120  16  0 

8,30ai 

38d  41  22  39 

120  12  69 

9.668.0  1 

38d  41  9  14 

120  33  39 

7,408.6  , 

38d  41  6  46 

119  15*32 

8,584.7  1 

38d  41  1  26 

119  33  18 

8,363.1  1 

38d  40  47  22 

119  25  48 

8,990.1  ' 

38d  40  46  22 

120  10  7 

8,009.3 

3«d,  40  41  11 

120  35  44 

7,995.2  1 

38  1 

1 

Da 

386 
3»6 
386 

386 


42  3  64 
41  56  52 
41  61  31 


120  14  13 
120    7  60 
120    9  16  I 
i 
119  37  16  I 


8, 471. 6 
8.551.2  i 
4, 647.  0  ' 


Thompson | do 

To-ha-kum ,  Nevada . 


IngaUs' I  Califomia  .. 

Summit ......do 

Downieville Butte..'  ..  do 

Pea  vine i  Nevada 

Castle Califomia... 

Rose ...I  Nevada 

Twin I  Califomia... 

j  Primary  triangulation  ' 

I      stations :.  I 

I         McGiU I  Califomia... 

j         Tebachapai |....do 


386  41  33  24 

119  65  23 

7.498.0 

38d  41  28  57 

120  32  43 

4,459.5 

38d  41  16  56 

120  11  51 

9,933.6 

38d  41  3  57 

120  6  48 

7,676.1 

38d  40  66  23 
39  i  

120  24  36 

7,954.0 

39c  41  16  43 
47  

119  3  23 

8,618.2 

47a  40  29  12 

121  30  10 

10,437.0 

476  40  22  26 

120  7  7 

7,692.1 

476  40  15  34 

120  33  17 

7, 752. 2 

476  40  10  40 

119  27  7 

8,1710 

476  39  59  33 

120  37  29 

8,47L5 

47d  39  42  4 

120  8  25 

8,310.9 

47c  I  89  35  30 

120  38  39 

8,  541. 1 

47d  39  85  7 

119  55  44 

8,281.0 

47d   39  21  48 

120  20  47 

9, 013. 6 

47d  39  20  30 

119  54  64 

10,820.3 

47d  39  6  37 
73  1 

120  13  47 

8,823.9 

73c  34  48  44 

119  8  52 

*9, 214 

73a  35  2  21 

118  34  35 

•8,056 

Do. 


Da 
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Naaoeofpeak. 


115 
116 
117 
118 
119 
120 


121  I 

122  t 
123 
124  I 
125 
120 

127  I 

128  , 


129 

130 


131 


132  I 

133  I 

134  ' 
135 

138  I 
137  ' 
138 

139  { 
140 


141 
142 
143 
144 
145 
14« 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 


Son  Fernando 


163 
164 
165 
166 
167 


168 
169 
170 
171  j 
172 

173  I 

174  . 


Saddle,  (Malaga) 

Sister  Else,  (Station 

San  Gabriel 

Sun  Antonio 

Grizzly 

Pilot  Knob 

Secondary'  triangnlation 
fltationii: 

Camp  Weldon 

Cook'a  Point . 

Disappointment 

Nichols'a  Point 

Pahute 

Tehachapai  Double. 

White  Granite '  —  do 

Workman's  Hill     .  i do 

Primary   triam^lation 
stations: 

San  Jacinto !  California. . 

Teme8cal(l) 

Secondary  triangolation 
station: 

San  Pedro  Hill 
Primary    triangulation 
stations: 

Blanco 

Del  Norte 

Dunn's 

Hunt's 

La  Plata 

Mear's 

Pagoaa 

Simpson 

XJncompahgre 

Secondary  triangulation 
stAtions : 

iBolus 

Agency  Knob   

Bristol  Head 

Buffalo 

Canby. 

Carbon 

Del  Norte  Hiy 

Elk 

Engineer 

Glacier do 

Grand  Mesa , .  .do 

Handle 
Horsefly 

Leon , 

Macomb's 
Meigs' 
Obseryatory  Cone 

Pole  Creek '  —  do 

Red  Cloud 
Sultan 
Wetterhom 
Blaine's 
Primary   triangulation 
stations: 
Banded 
Las  Tmchas 
Santa  Clara 
Santa  F6  Baldy 

Taos 

Secondary  triangulation 
stations : 
Black 

Caballo  Cone 
East  Carrizo  Cone.. 
Horse 
Organ 
Bound 
Sunday  Cone 


Triangulation  sheet 
No.  2o. 


Digitized  by 


Google 


2104 


REPORT   OP   THE   CHIEF   OP   ENGINEERS. 


List  of  Triangulation  Stations — Continaed. 


Name  of  peak. 


I  State  or  Ter- ' 
ritory. 


i 


I 


i|'    2 


5 


Remarka. 


175 


176 


177 
178 
179 
180 


181 
182 
183 
184 
185 
18G 


187 
188 


190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 


209 
210 
211 
212 
213 
214 


215 
216 
217 
218 


219 


220 
221 
222 
223 
224 
225 
226 
227 
228 
239 
230 
231 


Primary   trtaDgalation 
stations : 

Hacheta  New  Mexico 

Secondary  t  riangulation 

station's :  | 

Liilocha I  New  Mexico 

Primary   trlang:nlation   

stations :  | 

Florida New  Mexico 

Mexico ;  Chihuahaa. . 

North  Franklin    |  Texaa 

South  Franklin  |....do    

Secondar3''  triangulation  

stjitions :  : 

Boca  Grande I  Chifaaahua. . 

Boundary  Monument  

G  raveyard  HiU I  Texas      ... 

Initial  Monament ...  I . 

Potrillo New  Mexico 

Kodadero      | do 

Primary     triangulation 
stations : 

Genoa Neraila 

Lyon   I do 

Secondary  triangulation 
stations :  i 

Butt  Mountain |  California . . . 

Mount  Dver i do 

Kettle  Rock |....do 

Schafler's    . .  do 

McKeMck's do 

State  Line '  Nevada 

Omjumi i  California  . . 

Adams . .  do 

Wellington I . . .  do 

Haski^irs do 

Crystal , ' do    

N.E,Base i  Nevada 

Tibbie ...do 

Rocky  Point '  ..  do 


896 

90   I 


3137  56 

108  24  18 

8,352.3 

31  60  19  1 

108  27  34  ' 

90a 
90b! 
906, 
90b 


32    7  16 
31  43  14 
31  54    7  ' 
31  48  15  I 


107  37  40       7,295.4 

106  34  54  , 

106  29  24       7, 069. 5 
106  28  47 


I 


I 


90a 

31  37  46  1 

107  59  59 

Wb 

31  46  58 

106  32  1 

90b 

31  45  52  , 

100  20  41 

906 

31  46  1)8 

106  31  34 

00a 

31  55  21  ' 

107  4  7 

IM»6 

31  47  11  ; 

106  32  32 

47 

.  .  ..  1 

Triangulation  sheet 
Ko.2L 

Do. 
Do. 


Do. 


do. 
.do. 
do. 
do. 
..  do. 


Davidson  , 

ISmma ..... 

McClollan . 

Raw 

Como 

Churchill  Butte ■. ..  do  ... 

Primary     triangulation  I 

stations :  I 

Tutib I  Nevada . 

Tarogqua — do  . . . 

Grant    I do... 

Desatoya 1...  do... 

Bunker HUl do  ... 

Fairview ] do  . .  - 

Secondary  triangulation  i 

stations :  I 

Emigrant '  Nevada . 


-Ij 


do. 
do. 
do. 


Arizona 


Geneva 

Birchim's 

Cowles'  

Secondary  triangulation 
stations : 
Alamocita 

Primary     triangulation 
stations : 

BemalHill 

Escobas I  ..do 

Ladrones do 

Manxano — do 

Mosca i do 

Osha do 

Pfdemal I do 

Plac<ir I . . .  do 

Rattlesnake  Hill  . . . .  i  . .  do 

Taylor j     .do 

Tecolote do 

Tetilla |....do 


::.::::m 

New  Mexico 


47  

Triangulation  sheet 
No.  7. 

47d'  30  2  26 

119  52  43 

47d  39  7  33 

119  28  12 

8,793.5 

47  1 

Do. 

47a  40  12  58 

121  23  2 

7,830.6 

47a'  40  14  15 

121  1  48 

7,369.2 

47a  40  8  42 

120  43  3 

7,  843. 4 

476  40  26  43 

120  21  18 

6,804.5 

476  40  5  23 

120  14  43 

7,  083.  0 

476  40  1  44 

119  58  32 

8,  405. 2 

476  39  56  17 

120  16  56 

8, 292. 6 

476'  39  54  32 

120  5  43 

8,  431.  6 

• 

476  39  52  0 

120  31  41 

7,664.6 

ild   39  39  41 

120  83  1 

8,126.4 

47d  39  28  21 

120  2  13 

47(/  39  25  44 

119  25  39 

7, 099.  9 

47d  39  22  8 

119  31  54 

7,383.3 

47d  39  20  50 

119  34  2 

47d  39  18  22 

119  39  37 

7, 941. 2 

47d  39  17  39 

119  36  1 

6,439.4 

ild   39  15  26 

119  41  46 

7,  531. 6 

47d,  39  11  56 

119  28  40 

8, 403.  8 

47d,  39  1  8 

119  2«  14 

9,016.6 

47d  39  20  16 

119  17  32 

6,000.0 

48  1 

Do. 

1 
48c  30  42  53 

119  9  46 

7, 062. 1 

48c  1  30  34  52 

118  13  54 

8,77L7 

48c  1  39  :<2  16 

117  54  56 

9.964.8 

48</  39  21  47 

117  45  19 

9.921.3 

4«</  39  15  2 

117  7  18 

11,404.6 

48c  39  13  22 

118  8  55 

8,411.6 

45  

Do. 

48rf  39  24  7 

117  23  24 

8.  508.  5 

48</  39  21  27 

117  4  14 

11, 077. 1 

4^rf  39  8  53 

117  28  33 

10,343.9 

48d  39  3  14 

117  33  25 

9, 980. 1 

76    

Triangulation  sheet 
No.  20. 

76d,  34  11  56 

108  28  17 

77  1 

Do. 

78a'  35  22  33 

105  19  38 
105  42  45 
107  5  29 

776  35  32  2 

77c  34  26  1 

9, 214. 3 

77d  34  35  23 

106  27  13 

10,  086. 3 

77(i'  34  48  36 

106  24  34 

9, 723. 0 

77d  34  38  9 

106  26  44 

10,  022.  8 

776  34  50  38 

105  39  4 

7,580.3 

776 1  35  20  3 

106  10  36 

8,965.2 

77d  34  34  7 

105  49  41 

6,  616. 5 

77a  35  14  16 

107  36  55 

11,391.2 

77d  34  4  37 

105  41  44 

7, 253.  7 

776t  35  36  24 

106  13  1 

7,060.0 
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85 

236 

a? 


240 
341 
242 
343 


Name  of  peak. 


State  or  Ter- 
ritory. 


I 

Primary     triangalatlon  , 

stations :  I 

Bear |  New  Mexico 

Eagle do 

Thomas '  Arizona 

Secondary  triangnlation  i 

stations : 

Graham >  Arizona 

Primary     triangnlation  

stations: 

Capitan '  New  Mexico 

Colorado ^ do 

Cook    ' do -. 

Fra  Cristobal do I 

Magdalena   do 

Nojjal ' do 


83d 
835 


49  58 
40  30 
54  21 


I 

•a 


3 


8,08L1 


108  21  52 

108  35 

109  34  34   *11, 275 


I 
83<;;  32  41  56       109  52  40 


I 


Sitlinas. 

San  Mateo 

Sierra  BUmca 


do. 
.do. 
do. 


84 

85a 
845 
84e 
84a 
84a 
846 
845 
84a 
845 


35  24 
50  42 

32  6 
25  35 
59  23 
29  47 
17  51 

33  7 
22  24 


105  16  20 

106  42    6 

107  44  15 
107  7  10 
107  11  39 

105  48  36 

106  32  15 

107  26  27 
105  48  55 


10. 099. 5 


I' 


10,02219 
5.653.7 
8,329.6 
6.646.2 

10, 79&  0 
9,983.0 
9, 039. 5 

10,20a6 

11,892.3 


Bemarks. 


Triangnlation  sheet 
No.  20. 


Da 
Do. 


The  altitudes  of  all  points  marked  thus  (*)  are  from  angles  of  elevation ;  all  others  are  ttam  barometric 
determinations. 

BABOMETEIC  HYPSOMETEY. 

The  usual  plan  for  obtaiDing  the  vertical  element  of  the  greater  share 
of  observation  points  by  means  of  barometric  difterences  in  altitude  has 
been  pursued.  The  computations  have  been  for  another  year  under  the 
supervision  of  Lieutenant  Tillman.  Satisfactory  results  have  been  ob- 
tained. As  heretofore,  through  the  courtesy  of  General  Myer,  Chief 
Signal  Officer,  transcripts  of  the  observations  of  the  Signal  Service  at 
specified  points  Rave  been  furnished.  Lists  of  altitudes  prepared  by 
Lieutenant  Tillman  of  points  ofspecial  importance  in  the  areas  of  1878 
are  to  be  found  herewith. 

lAsi  of  AlUtudea. 


Locality. 


State  or  Terri- 
'  tory. 


WiUla  Walla I  Washington  T. 

North  Base  at  Dalles ,  Oregon 

Astronomical  Station  at  Dalles , do 

Sonth  Base t do 

Dalles  Hill  do 

Shivar's  Bridge,  Deschutes  River do 

Finneffan's  I^cb,  Military  Road 

Cross  Hollows 

Divide  on  Shivar's  Road,  between  John 
Day  and  Deschutes  Rivers. 

Divide  on  O-cho^o  and  Cross  Hollow,  be- 
tween John  Day  and  Deschutes  Rivers. 

Divide,  Head  Antelope  Valley,  between 
John  Day  and  Descnutes  Rivers. 

Antelope  Post  Office 

Divide,  Gallon  City  Road,  between  John 
Day  and  Deschutes  Rivers. 


....do. 
...do. 
...  do. 

....do. 

....do. 


.do. 
.do. 


120 
20a 
20a 
20a 
20a 
20a 
20a 
20a 
20a 

20a 

20a 

20a 
20a 


Reference  sta- 
tion. 


D.M. 
6 
5 
5 

6  I 
4 

2 

4 
1 

1 

1 


FmL 

1,033.5 

187.5 

134.7 

215.4 

.do I  1,210.1 


Portland. 
...do.... 
...do.... 
do. 


1^ 


...do  . 
...do. 
...do. 
...do. 

....do. 

....do. 

. . .  .do  . 
....do. 


702.0 
2,143.7 
3,197.3 
3,515.0 

3,3545 

3,29&2 

2,844.6 
8.0M.7 


Digitized  by 


Google 
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Li$t  of  Altitude9-~CojitiB.ued. 


I 


Locality. 


I  I 

State  or  Terri- 
I  tory.  I    £ 


I 


•I  I 


14  CamaaPrairie , Oregon. 

15  Big  Prairie do  ... 

16  !  Summit  Prairie '     ..do  ... 

17  rpperCascade do  ... 

18  Deschutes  Bridge do... 

19  ^  Grant's  Lsnding ' do  ... 

20  Bamum's  Ranch do... 

21  I  Mutton  Mountain.' i do  ... 

22  1  The  Dalles do  ... 

23  Currant  Creek  Stage  Station do  ... 

24  I  Burnt  Hanch,  John  Day  River do... 

25  I  Carmical's  Ranch i do  ... 

26  Warm  Spring  Indian  Agency | — do  ... 

27  I  Warm  Springs do  ... 

28  KlikaUtHill ,....do  ... 

29  I  Deschutes  River  Bridge ' do  ... 

30  ,  Parrish  Ranch do  ... 

81     Fish  Lake ...do... 

PrinevUle do... 

Green's  Ranch < . . . .do  . . . 

Lodge  Pole  Spring do  ... 

Muu  Springs I do  ... 

Hald's  Ranch do  . . . 

Big  Summit  Prairie I. ...do  ... 

North  Twin  Lake do  ... 

Mount  Pitt ....do  ... 

Union  Peak do  ... 

MountScott I — do... 

Summit  of  road  to  Crater  Lake do  ... 

Crater  Lake ..-.  do  ... 

Corral  Springs , do  ... 

Edge  of  Summit  Lake | do  ... 

Diamond  Peak |....do  . 

North  end  of  Davis  Lake '....do. 


o  o 

i  I" 

;  I 


It 


84  . 
35 
36  , 
87 
88 

39  I 

40  < 

42  > 

43  I 
44 

45  , 

46  ! 

£^ 

4»l 
60  I 

51  I 

52  I 

53  I 
54 

55  I 

56  , 
67 
58 
59 
60 

*1 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 
80 
81 
82 
83 


aoa 

20a 

20a 

20a 

20a 

20a 
.,  20a 
-I  20a  I 
.;  20a  < 
.  206  , 
.  206  ' 
.■20C 

.1  20<;  «| 
."  20c  1 
.  I  20c    I 

.;  20c 

.    20e 
..20c    I 
.|  20c    ' 
.    20c     I 
.1  20c 
.'  20c 
.  I  20(1 
.    20d 
.    28d 
.    28(1    I 
.1  2Sd    I 
.1  28<i 
.    28d 
J  28d 
.'•286 
.|  286 
.,  286 
286 


Farewell  Bend,  Deschutes  River do 29a 


Langden's  Ranch | do 

Button's  Ranch ■> do 

"Halfway, "  on  East  Deschutes  River { do 

Fall  Creek  Cascade do 

Little  Prairie l...,do 

Big  Meadows ! do 

DiUanl  St  Renahaw's  Ranch do 

Curry  Spring ' do 

Hoskin's  Ranch,  Silver  Creek do 

Head  of  Chewaucan  Marsh do 

Bratton's  Ranch !....do 

Timber  Mountain i do 

Summer  Lake  (water's  edge) I ao 

Foster's  Ranch,  on  Summer  Lake I . . .  do 

South  end  Slkan  Marsh do 

Klamath  Reservation | do 

Fort  Klamath j do 

Klamath  Marsh |....do 

Durand's  Ranch do 

Parton's  Ranch I do 

Miller's  Ranch ' do 

Big  Springs do 

Corral  Spring , do  . 

Pauline  Peak do  . 

Camp  Warner do  . 

Alkfuine  Desert    do  . 

North  end  of  Albert  Alkaline  Lake do  . 

Mule  Spring do. 

Warner  Lake  Flat do  . 

Jones' Ranch,  Honey  Creek do  . 


...do. 
...do. 
Qregox 


Moss's  Rancb 

Mesa  Summit,  west  of  Warner  VaJley  . 

Drew  Valley  post-office 

Lo-lo-che-wisPeak 

Sugar  Loaf  Mountain 


I  29a 
,29a. 

29a 
I  29a 
,29a 
I  29a 
1296 
1296 
1296 
l29e 
I  29c 

290 
!29c 
I  29c 

29c 
I  29c 
1290 
;29c 

29c 
I29e 
j29c 
'290 
|29e 
129c 
,29d 
l29d 
|29d 
l29d 
;29d 
l29cl 

29d 
29d 
38a 


Califomia 386 


2 
4 
4 
6 
2 
4 
2 
2 

D.M. 

4 

2 

D.  M. 

and  4 


2 
2 

4 

2 

2 

D.M. 


2 

2 
D.M. 

4 
1 
2 
5 
2 


1 
2 
2 
2 
2 

D.M. 
1 

2and3 
1 
2 
2 
2 

D.M., 
and  2. 
2 
1 
1 
3 


Reference  sta- 
tion. 


Portland '  3,0ia8 

...do 3,334.8 

...do 3,6»4.2 

...do 126.6 

...do 165u8 

..  do :      396l4 

|....do '  1,795.2 

....do 3,682.9 

....do 179.8 

..do 2,142.0 

...do 1,56L8 

'  Portland  and  |  2,73<L2 
Red  Bluff. 

>  Portland 1.513.9 

...do 1.529.1 

I. ...do ,  3,069.6 

..do I  2,563.0 

I. ...do 3,330.2 

....do 3,154.8 

,  Red  Bluff 2,890.0 

Winnemucca  . ,  4, 470.  0 

Portland I  1.648.3 

Red  Bluff 2,443.4 

Portland 3, 286^6 

I  Winnemucca  .  5, 123.  8 
Red  Bluff ,*5,U7. 1 

do 9,817.5 

....do 7.298l1 

|....do 9.015l5 

...do 6,412.4 

...do 7.143.0 

....do I  4,568.7 

,....do 5.610.1 

I. ...do I  8.806.6 

*...do 4,466.0 

Portland  and  i  3, 620.  9 
Red  Bluff.      ! 

I  Winnemucca  .    5, 162. 0 

...do    4.:36.7 

Red  Bluff 4.^'SLl 

I  Camp  8 1  4.  177.8 

'....do 4.i».D 

Red  Bluff  ...  4,123.7 
Winnemucca  .    4, 656. 6 

,....do ,  4,272.9 

l....do '4,139.1 

....  do 4,336.0 

|....do ;  4,495.4 

Camp7 7.518,8 

I  Winnemucca  . ;  4, 163. 2 
...do !  4.174.3 

I. ...do 4.959.9 

...do I  4,943.9 

|....do ,  4,108.4 

Red  Bluff.....    4,37L1 

,  Winnemucca  . '  4, 312. 0 
....do 4,497.6 

|....do I  4,42a8 

,  Red  Bluff 4.552.5 

...do I  4,782.6 

...  do    !  7.387.2 

I  Winnemucca  .  5. 7M.  3 
....do 4,283.8 

I. ...do 4.20&7 

...-do 4.738.5 

...do ,  4,543.6 

|....do :  4.466.0 

I. ...do 4,827.8 

|....do    I  4,894.0 

Camp40 1  4.952.6 

I  Winnemucca. .  I  7. 957. 2 

Winnemucca  ,  8,415i6 
I     and  camp  45. 1 


Digitized  by  VjOO^  IC 
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Number. 

State  or  Teni- 
tory. 

^ 

f 

1 

Reference  sta-      -g  ® 
tion.              1® 

84     Wallace's  Ranch,  Warner  Lake 

S5  \  CampBidwell 

80     Cow  Head  Lake  Spring 

87  CowHeodLake 

88  Lakevlew      

89  Cedarville  Pasa,  snmrait  of. 

90  ,  Cedarville,  Surprise  Valley 

91  Cedar  Peak  Valley  

92  1  Fletcher's  Ranch  Vallev 

Callfoinia 

....do 

....do 

..  do 

...do 

Oregon 

38d 
•Mb 
386 
386 
386 
386 
386 
386 
386 
386 
386 

386 
386 
386 
386 
3Sb 
38d 

38d 
38d 
38d 
38d 
38d 
38d 
38d 
38d 
38d 
38ri 
38d 
38d 
38d 
38d 

asd 

38d 
38d 
38d 
38d 
38d 
38d 
33d 
38d 
38d 
38d 
38d 

38d 
390 
39c 
466 
466 
4Gb 
47a 
47a 
47a 

47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 
47a 

2 

2* 

2 

Winnemucca. . 

Winnemucca. . 

....do 

....do 

Feet 

4.48&8 
4,647.0 
5,329.4 
6,  041. 2 
4,851.0 
6,355.6 
4. 674.  & 

1 
lands 
3 
2 
1 

....do 

....do 

do             4 

-...do 8,308.1 

....do 4,819.4 

...do 

93  '  Goose  Lake,  west  edge  VaUey 

do 

do !  4  807.0 

94     North  EndPeak 

....do 

3  '  Win;nemucca  {  8^  47i.  6 

95  I  ^ftiidjinKO  P««k 

California 

...  do 

and  camp  47. 
3    Camp48 7,848.5 

^       TAVn  rity  Pajji,                  

1    Winnemucca..    7,034  5 

97     LftkeCitv 

..do 

1    ....do    4,623.5 

98     MonntBldwell  

....do 

3    CampBidwell.;  8,55L2 

99  '  ''Forty-nine"  CaJionPaas 

Nevada 

California 

....do 

1    Winnemucca..    6.305.8 

100    /Fredonyer's  Peak 

7    Winnemucca     7,905.2 

101  '.  Shmn's  Ranch 

102  Horn  Spring 

and  camp  1&  > 
3    Winnemucca..!  5,040.4 

do 

3 do 1  5,476.5 

103  Observation  Peak  

104  Harris's  Ranch,  Madeline  Plains 

105  Cold  Spring  Valley 

106  McDonald  Peak 

107  McDonalds  Ranch 

108  Madeline  Hat  Peak 

....do 

....do 

....do 

3  |....do 1  8,009.3 

1  |....do 5,338.6 

D.M.  |....do 5,375.7 

....do 

3    Camp23 7,954.0 

....do 

1    ....do 1  5,297.0 

....do '.. 

2    Camp  27 7,676.1 

109  '■  TuleFlat  

..  do    

3     Winnemucca...  5.504.7 

110     Clear  Lake 

....do 

2 
3 

....do 

5,  807. 9 

Ill  1  Warren'sPeak 

....do 

CamnSS 

9,668.0 

112     Alturaa 

....do 

5  '  Winuemuoca.. 

4.  364. 0 

113     Eagleville 

do 

2 

1 
1 
3 
5 
8 

....do 4.  632.& 

114  ;  Middle  Lake,  Surprise  Vallev  -. -. 

do : .. 

....do 

4,5.5L4 
4,966.8 
8,584.7 
5,905.8 
6,065.7 
8,303.1 
5.638.8 

115  Dry  Flat,  mouth  High  Rook  banon 

116  DivisionPeak 

Nevada 

.    do 

....do 

....do 

117  1  Barkley  Spring 

....do    

....do 

118  '  Mouth  of  Cottonwood  Cafion 

....do 

....do 

119  North  Granite  Peak 

120  PintoSpring     

...  do  .        .     . 

3 
5 

....do 

....do 

...do    

121  Monument  Hill 

122  Todhunter's  Camp,  Long  Valley 

123  Todhunter's  Ranch....:. 

...-do 

do    .  .  . 

8    Camp  63 '  61734.3 

1" !  WLnnemncca. .    5. 770. 2 

do 

1 
2 
2 
8 

2 

....do 5,850.9 

124     Bare's  Ranch,  Surprise  Valley 

California 

Nevada 

....do 

....do :  4,679.6 

125  1  Clark's  Ranch 

....do :  4,676.8 

128  !  Granite  Peak 

Camp  70  and  j  8,990.1 

127     Wall  Spring 

....do  . 

Sacramento. 
Winn«»innr.rA. .  1  3.012.2 

128  1  Mud:^feadow» 

....do 

6  I. ...do 4i318.0 

129  '  Pah-UtePeak 

do 

3  ,.   ..do 8.818.2 

130  •  Jellev's  Ranch 

California 

....do 

dIm! 

D.M. 
2 
3 

D.M. 

and  3 

D.M. 

Red  Bluff 360.0 

131  1  Cohen's  Ranch 

....do 1      280.7 

132  1  SesmaStation  

....do 

....do '      259.7 

133     Doon'sSawMUl   

do 

do i  3,420.2 

L34  1  Old  Kimslie w  Settlement 

....do 

....do 4,99L9 

135  1  Cress's  Ranch 

....do  , 

....do 5,157.0 

1 

136  American  Valley,  ^  mile  north  of  Qufaiey . 

137  Orchard  near  Kingsbun'^'s  Mining  Claim. 

138  Caribou  Bridge,  North  iTork ....  7. 

....do 

....do 3.374.4 

....do 

.  ...do 

2   do 2i678.4 

1    -...do 2,843.4 

139     Miller's  Ranch  

....do 

2    ....do 4,055.1 

140     Butte  Creek  House 

....do 

D.M do 5.758.1 

141     Lotfs  Diggings 

..;.do 

1 
D.M. 
4 
2 
3 
D.M. 

do :  6,300.6 

142  j  Head  of  Chip  Creek 

....do 

....do .    5,953.7 

143  •  Insklp  Toll  Gate -.... 

....do 

....do 1  4,808.3 

144  i  Forest  Ranch 

145  Lome     

146  Colby'sRanch 

147  TftllGate 

.  .  do 

....do '  2,217.4 

....do 

....do 3,847.8 

do 

....do 4.989.7 

..  do 

4    ....do 5,426.6 

148  Deer  Creek  Meadows 

149  ,  ButtMountain .• 

150  Prattville 

do 

D.M dft 4.518.1 

....do 

4 

....do T.830.6 

do     

....do 

4,394.1 
5,864.0 
5,907.8 
6.080.2 

151  Geysers 

152  ,  Soffatara 

l-W    1    Hotftpringq rr. 

....do 

....do 

....do 

1 
1 
1 

....do 

....do 

....da 

Digitized  by  Google 
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Locality. 


LUi  of  Altitudes — Continaed. 


,  State  or  Terri- ' 


154 
155 
156 
157 

158 

150  ! 

160  I 

161  I 

162 ; 

163 

164  I 

165  ' 

166  : 
167 
166 
169  I 
170 

171  I 

172  , 
173 

174  I 

175  1 
176 

177  I 

178  ' 

179  I 

180  , 
181 
182 

183  ' 

184  ' 

185  I 
186 


Mart  in' A  Ranch California. 

Nash's  Ranch ' do 

Mount  Dver,  near  Big  Meadows do 

Willow  Ijike  do 

Lassen's  Butte do 

Monnt  Harkness,  near  Big  Meadows do 

Dntoh  Hill  Mining  Camp do 

GrizrfyHiU do 

Greenville do 

Forgay's  Ranch do 

Jim  Ford's  Ranch do 

Johnson's  Ranch ' .  - .  do 

Peter  Lassen 's  G  rave,  Henry  Lake  YaUoy .  i do 

Stockton  Mill do 

Goodrich's  Ranch do 

Mitchell's  Ranch .....do 

Peach  Spring ' do 

Upiier  edge  of  crater— cinder  cone do 

Bottom  of  crater  [ do 

Foot  of  slopc>of  cono ] do    .... 

Second  lake  east  of  cone ' do 

Divide,  Noble  Pass ....do 

Loom i s's  Ranch do 

Qaincy i do 

Ogbum's  Ranch .» I  — do 

"U-  ilson's  Ranch ■ do 

Hickman's  Ranch ; do  . 

Toll  Gate,  Battle  Creek  Road ....do  . 

Gray's  Ranch i do  . 

Hart's  Ranch i do  . 

Phillips' Ranch do  . 


do. 


187 
188 
189 
190 
191 

192 

193 
194 

195  , 

196  I 

197  ' 

198  I 

199  ' 
200 

201 

202 

203 
204 
205 
206 
207 
208 


^ 

1  i 

j 

'si 

'  1^ 

Reference  sta-     Aj 
tion.              || 

1 

< 

& 

< 

47a 

2 

47a 

D.M. 

47a 

4 

47a 

2 

47a 

47a 

1 

47a 

1 

47a 

1 

47a 

1 

47a 

4 

47a 

2 

47a 

4 

47a 

1 

47a 

3 

.  47a 
.1  47a 
.  47a 
.1  47a 
.  47a 
.  47a 
.,  47o 
.1  47a 
.  47a 
.  47a 
.  47a 
.  47a 
.1  47a 
.,  47a 
.  47a 
.47a 
.1  47a 


Claremont  Hill  south  of  Quincy do 47a 


47a 
47a 
47a 
47a 
47a 

47a 

47a 
47a 


210 
211 


Old  Toll  House,  between  Quincy  and  Tay- 

lorsvillc.  I 

Hough's  Mountain > do  . 

Tavlorsville i do  . 

Kett  le  Rock  Peak i ....  do  . 

Parker's  Ranch I — do  . 

Divide  between  Kingsbury's  Ranch  and  ;  —  do  . 

Caribou  Bridge.                                          ! 
Main  divide  between  Miller's  and  Long-   do  . 

ville  (on  road.) 

Long^'ille ! do  . 

Main  divide  between  LongviUe  and  Butte  | do  . 

Creek  House.  I  i 

Divide  between  Colby's  and  Toll  Gate  ...  I do 47a 

Bridge  over  Butte  Creek  (7^  miles  from  i do 47a 

Prattville.)  ' 

Moonlight  Valley ^ ' do I  47a 

Tavlorville  to  Susan vlUe,  main  divide  . . .  • do I  47a 

Susanville Pos^offioe i....do i  47a 

First   divide,   between   SnsanvUle   and  | do I  47a 

Eagle  Lake.                                              > 
Second  divide,  between  Susanville  and  I  — do '  47a 

Eagle  Lake.                                               '  I 

Main   divide,  between   Susanville  and  I do !  47a 

Eagle  Lake.  i  | 

EagleLake l do 47a 

Willow  Spring  (head  Willow  Creek) I. ...do |  47a 

Honey  Lake ' do 476 

Adam's  Peak I do I  476 

Mape'a  Ranch j do 476 

Crow's  Ranch,  Clover  Valley I do |  476 

Keg  Spring,  Willow  Creek |....do I  476 

McKefilck^ii  Peak l....do 476 


McKesick^  Peak 1 do 

ChqjumiPeak do 


212  '  Frenchman's  Cove I do 


213 


314 


Mount  Ligalls i do  . 


476 


476 
476 


6  and  2 
9 
D.M. 

1 
1 
1 
1 
1 
D.M. 


.*  47a 


D.M. 
2 
6 
7 
2 
2 

D-M. 
4 
3 

1 
1 
2 
2 

1 


1  I   Feet 

Bed  Bluff. ....    4,484.0 

'....do I  4,431.3 

L...do 7,369.2 

....do 5,8812 

Prattville  and  10,437.0 
I     Red  Blufi:      I 

I.. ..do *8,CT5.» 

do 4,692.3 

I.. ..do *5, 708.9 

....do 1  3,543.8 

I. ...do I  3.380.6 

....do 3.51&5 

I.. ..do I  4,378.8 

|....do 4,280.9 

' do ,  4,639.3 

do !  4,883.0 

....do '  4.284.6 

|....do '  5,303.2 

I.. ..do '  6,74L8 

I.. .-do t  6.506.8 

;. ...do I  6,512.2 

t....do '  6,085i2 

....do 1  5,963.0 

I. ...do '  4.856.6 

|....do *3. 381.0 

'  Red  Bluff '^2,269.5 

I. ...do 1,114.5 

|....do I  1,906.8 

I do 4,099.7 

...  do I  3,38&0 

'....do '  1,099.7 

i....do I      242  1 

I...  do '  6.998.6 

..do I  5.509.0 

...do *7,300.7 

..  do I  3,521.5 

.-do 7.843.4 

...do I  4.135.7 

..  do I  4,62&0 


-...do. 


do. 
.do. 


5i09L6 

-4,300.0 
6,706.2 

6.6ia7 
4.60L6 


...do 5,433.3 

...do 6,428.1 

American  Flat;  4. 195. 2 
Winnemnoca  . ;  5, 362. 8 

— do '  5,773.7 


..  do. 
...do. 


1    ...-do- 


D.H-A2| 

i! 

D.M.  I 
2 
8 

8 


Mount  Wellington I do  . 


.j  476 


...do I 

...do I 

Carson  City... I 

Camp  6     1 

Carson  City...! 
...do.........| 

Crow's  Ranch 

--.do 

Crow's  Ranch 

and   Carson  ' 

City.  I 

Crow's  Ranch.! 
Crow's  Ranch  | 

and   Carson 

City. 
Crow's  Ranch. 


I  6,245.0 

5,114.6 
5.083.9 
3,94&6 
8,431.6 
5,038.7 
5,464.0 
5,75flL8 
7,083.0 
8.292.6 


6.564.7 
8,47L5 


7.684*6 
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List  of  AUUudea-A^^ontmned, 


Locality. 


State  or  Terri- 
tory. 


•3 

I 

5   i  5? 


I* 

1^ 


Beferenoe  eta- 
tion. 


1 


Last  Chance  and  Sqnaw  Queen  Creeks, 

Junction  of. 
Last   Cliance    and    Thompson   Creeks, 

junction  of. 

State  Line  Peak 

Marphv's  Ranch, Buffalo  Salt  Works  ... 

Sheep  Head 

Bacon's  Banch 

Shnmway 's  Ranch 

McKesicK's  Ranch 

Smoke  Creek  Depot 

Winnemncca  Lake Nevada 

To-ba-knm  Peak do 

Wood's  Ranch,  Pyramid  Lake do 

Dunning's  Ranch do 

Willow  Ranch California 


Callfomia i  476 


...do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do  . 


do. 


Nevada  — 

....do 

....do 

...do 

....do 

....do 

California. 

.:.  do  

....do 

....do 

...-do 

...do 

.-..do 

....do 

Nevada  — 

do 

do 

do 


Thompson's  Peak 

North  End  Pyramid  Lake 

Greno's  Rancn 

Newton's  Ranch,  near  Honey  Lake 

Hot  Springs  Peak 

Schaffer's  Station 

Schaffer's  Peak 

Chico 1 

Centreville 

Reservoir  in  Concord  Valley 

Cold  Spring  Ranch 

BidweU's  Bar,  south  fork  Feather  River. 

(Tnnction  House 

Nimshew 

Humbug  Park 

Taylor's  Ranch 

Anderson's  Ranch,  Fish  Spring 

Chapman's  Ranch 

ChoUar  Potosi  Mining  Company's  office. 

SLnickerbocker  Mine do  . 

Baltimore  Mine ' . . .  .do  . 

~  do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do  . 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


Globe  Consolidated 

Gold  HUl  Mine 

.Superior  G.  &  S.  Mine 

West  Belcher  Mine 

Trojan  Mine 

Upper  Caledonia  Mine 

Europa  Mine 

East  Justice  HiU 

Bacon  Mill  Point 

Ramsell  Mill,  near  Silver  City 

I>evil'8  Gate  Toll  House,  SUver  City 

Old  Found ery,  Silver  City 

Gila  Mina  Poet,  near  Succor  Mine  >. . 

Vivian  Mine 

Darby  Mine 

Camp  Rock 

American  Flat  Peak 

Railroad  Peak  (Black  Rock) 

East  McClellan  Peak 

Rock  Island  Mine 

Jones's  Milk  Ranch  

Erie  Consolidated  Mine 

William  Penn  Mine 

Buckej'eMine 

Nelson's  Station  ...1 

Proctor's  Ranch,  Truckee  River 

Pyramid  Lake  Indian  Agency ! do 

Sellers's  Ranch,  near  Reno \ do 

Win  ters'  Ranc  h do 

Wadsworth,  Central  Pacific  Railroad do 

Home  Station do 

One  mile  north  of  Butte  Mountain do 

Prometheus  Peak ! do 

Rooker's  Ranch |....do 


476 

476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 


476 

476 
476 
476 
476 
476 
476 
47c 
47c 
47c 
47c 
47c 
47c 
47c 
47d 
47d 
47d 
47rf 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
Aid 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
48d 
486 
48d 
48d 


2 

2 

5 
1 
2 
2 
8 
1 
2 
2 
3 
1 

2  and  2 
land 11 

6, 12, 12 

1 

3  and  2 
2 
3 

is  and  2 

4 

1  D.M. 


Feet 
Carson  City...;  5,268.2 

•  -..do 5,43L1 


..  do 

Winnemncca 
...do 


1 
2 
3 
2 
3 
2 
1 
2 
2 
D.M. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
1 
1 
1 
1 
3 
2 
1 
2 
2 
2 
1 
1 
1 
2 
2 
2 
8 
4 


do 

...do 
. . .  .do 

...do 

American  Flat 

...do 

...do 

...do 

American  Flat 
and  Carson 
City. 

Camp  7.  Amer- 
ican Flat. 

American  Flat 

...do 

...  do 

Winnemncca 
...do 

.    do 

RedBluiT.... 

...do 

...do 

...do 

..do 

...  do 

...do 

...do 

Winnemncca 

...do 

...do 

Salt  Lake  City 

ChoUarPotoBi 
...do 

...do 

....do 

...  do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...  do i 

...do 

...do ; 

do 1 

...do 

...do 

...do 

...do 

...do 

...do I 

American  Flat 
...  do 
....do 
— do 

...do 


Wiimemucca. 

....do 

....do 

;....do 


8. 405. 2 
3,845.0 

3. 013. 6 
4,076w4 
5, 067.  0 

4. 460. 2 

4. 163. 7 
3. 824. 6 

8. 174. 0 

3. 861. 3 
4,  571. 0 
4,275.8 

7,762.2 

3. 847. 9 

4. 187. 3 
4. 078. 6 

7. 692. 1 
4,  026. 1 
6,864.6 

174.0 

502.5 

2, 021. 9 

564.5 

342.1 

3,562.2 

2,451.8 

4,846.6 

4. 719. 5 

4. 041. 1 

4,  931. 6 
6. 242.  8 

5. 867. 2 
6,  729. 3 
5, 781.  0 

6. 373. 6 
0, 415. 8 
6,09a  4 
6,  085. 7 
5, 986. 9 
5, 97a  8 
5, 861. 2 
5, 327. 2 

5. 324. 8 
5, 14a  1 
4, 940. 8 
5, 451. 8 

5. 414. 6 
4,885.5 

5,  628.  2 

6,  659.  0 
5,  436. 0 
6,180.8 
,5,  677.  5 
5,  736. 1 
5.268.2 
5,235,6 
5,220.8 
4.  245. 0 

3. 963. 4 
3, 980. 0 
4, 438.  6 
5, 145. 2 
4, 094. 8 
4,815.7 
4,655.2 

8. 140. 7 
7.147,9 
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I 


Locality. 


Stat©  or  Terri- 
too-.  I 

I  i 


I 


Beference  sta- 

i  tiOD. 


284 
285 
286 

287 
288 
289 


291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 


Geneva  Peak Nevada 48d 

Mouth  Underdown  CafioD,  R<^8e  River do 48d 


Birphim'8  Peak do  . 

Wf  Iche's  Baoch do  . 

Emigrant  Peak do  . 

Monument  at  south  end  of  Austin  baae  i do  . 

line,                                                             I 
Monument  at  north  end  of  Austin  ba«e  '  — do 

line.  ' 

"Wallace's  Ranch do 

Bookers  Corral do , 

Vaujihan's  Ranch do , 

Highland  Peak  ...  California 

Lillies  Ranch do 

West  Point do 

Anteloj>e  Spring do 

Two  miles  west  of  Tragedy  Springs   ! do 

Halfway  House i do 

Shaw's  "Ranch do 

Castle  Rock ; do , 


302  Cooper's  Ranch do  . 

303  Grizzly  Peak do  . 

Warm  Springs,  Sonora  Road do  . 

Lake  near  summit  of  Virginia  Creek  Trail do  . 

Grass  Lake do  . 

Summit  of  Big  Tree  Road do  . 

Big  Meadow  Ranch , do  , 

Fulsom  «fe  Hall's  Ranch do  . 


304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

818 

319 

320 

321 

322  I 

323 

324 

325 

326 

327 

328 

329  . 

330 

331 

332  I 

333  I 

334 

335 

336 

337 

338  1 

839  I 

340  I 

841 

342 

343 

344 

345 

346  , 

347  I 

348  ' 

349  . 


484 
48d 
48<£ 
48d 

48d 

4Sd 
48d 
48d 
56» 
566 
566 
566 
566 
566 
566 
566 

566 


566 
566 
566 
566 
566 
566 


2    Winnemacca. .  10, 708. 1 

2and5   ....do 6.  IM.  1 

3 do 10.471.1 

8  i....do 5,771.0 

1  '...  do 8.508.5 

1  '....do 5,79a2 


1  |....do  , 


...do 

...do. 

...do. 


Suspension  Bridge,  Mokelnmne  River  ... do 566 

Wiley's  Station,  Amador  Road ...  .do  . 

Ham's  Station,  Amador  Road do  . 

Mud  Spring,  Amador  Road do  . 

Peddlers'  Ranch,  Amador  Road do  . 

Horslev  's  Camp do  . 

Myers's  Station ....do  . 

Foster's  Station j do  . 

Denser'*  Station ] do  . 

Volcano      I do  . 

Foster's  Ranch do  . 


566 
566 
566 
566 
566 
566 
566 
566 
566 
566 


Bridge  over  Middle  Fork  Mokelumne do 566 

Railroad  Flat do 

Cahiu  in  South  Grove,  Calaveras  Big  Trees do 

Columbia  P.  O do 

Bold  Mountain I do 

Lilv  Creek,  SonoraRoad ..  do 

MillCret'k,  SonoraRoad do 

Niagara  Creek,  Sonora  Road do 


Cow  Creek  Ranch,  Sonora  Road do  . 

Head  of  flat,  South  Fork  Herring  Creek do  . 

Burst  Rock  do  . 

Lower  Reservoir,  ^  mile  east  of  Straw-    ...do  . 

berry.  ♦ 

Junction  of  Herring  Creek  and  Stanis 
la  us  River. 

Head  of  Stantslaim ...  do  . 

Small  Lake  on  Relief  Trail do  . 

Largo  Lake  on  Relief  Trail do. 

Round  Lake  on  Relief  Trail {....do. 

Morans Ranch. ^ ^. do  . 

•do  . 

.do, 

.do. 

.do. 

.do. 


...do 566 


Copperopolis,  Dutch  Henry's  Ranch  . . 

Gold  Spring  Banck 

Northrups 

Strawberry 

Dunderberg  Peak 

Summit  of  Virginia  Creek  Trail do 

Lake  near  Summit  Virginia  Creek  Trail do 6M 

Mouth  of  Lvell  Creek ....do 56d 

Lamberts  sWa  Spring do '  56d 

Snow's Hot«l '....do ;  56d 

Topof  YosemiteFall do 56d 


566 
566 
566 
566 
566 
566 
56d 
56d 
56d 
5M 
56d 


566 
566 
566 
566 
566 
566 
566 
566 
566 
566 
566 


Sacramento . 
...do 


do 
do 
do 
do 

Sacramento  dt 
Winnemncca. 
Sacramento . . . 
Sacramento  Sc 
Winnemncca. 
Winuemucca.. 
Sacramento . . . 

...do  

...do 

...do 

....do 

....do 

...do 

....do 

....do 

...do 

...do 

...do 

...  do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


'  5,774.4 

5.786.6 
6.708.6 
5, 315. 9 
10,955.6 
3,647.0 
2,773.7 
4, 272.  5 
7,448.9 
3,358.5 
6,311.1 
9, 872. 4 

8,405^9 
10, 36a  6 

7,384.5 
10, 089. 8 
8,564.5 
8,157.2 
6.83a4 
4. 281. 8 
2,091.5 
5,027.4 
5,438w6 
6,972.7 
6.631.8 
3,859.7 
3,758.7 
3,264.9 
2,92L9 
2, 075. 2 
2,880.9 
2,435.7 
2,606.1 
4.820.4 
2,156.7 
5.829.6 
3,970.6 
7,  075. 5 
6,689.8 
5,904.8 
7,936,4 
9, 157. 4 
5.582.4 


360  I  Top  of  Vernal  Fan |....do. 


5M 


...do 6^430.0 

1         -do '  8,85«.7 

1  Winnemncca . .    8, 516. 8 

1    ...do 8,182.9 

1      ...do 7,309.0 

1  Sacramento...,  3,984.2 

2  ...  do '  1,015.8 

2    ...  do 2.013.7 

2    ...  do 4,519.1 

3andr2  ...  do 5,237.8 

do 12,389.2 

1  |....do 11,046.8 

2  i....do ,ia 089.8 

2  I. ...do 8.574.« 

1  |...  do ;  8,558.1 

2  ...  do I  5,217.2 

4  I  Sacramento     6,401.8 

and  Camp  38. 
4  I. ...do |4,«7&8 
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B 


362 
853 
854 
353 
856 
357 
358 
350 

360 
361 
362 
363 
864 
365 


Locality. 


State  or  Terri- 
tory. 


351     Foot  of  Vernal  Fall Callfoniia. 


56d 

ITpper  Fall,  Toaemite  Falls do ,  56d 

Foot  of  Lower  Fall,  Yoseniit©  Palls do 56d 

Top  of  Nevada  Fall,  Yo8eniit«  Valley do 56d 

Foot  of  Nevada  Fall,  Yosemitc  Valley ...  do 56d 

Tamarack  Flat t...  do I  56d 

CraueFUt ...do \  56d 

Hod«rdon'8  Meadows do 56d 

Wade's  Meadows do '  56d 


Reference  sta- 
tion. 


Biff  Tree  Tunnel,  Oak  Flat  Koad do  . 

Hazel  Green     ..do. 

Big  Meadows do  . 

Eleven-mile  Station,  MariiM>sa  Road do  . 

Big  Tree  Station do  . 

Porcinjfne  Hat do  . 

Cold  Spring do  . 

387     Murphy's  Cabin,  Lake  Tenaiya do  . 


368 

369 

aro 

371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
881 
382 
883 
884 
385 
888 
387 


390 

391 

392 

803 

394 

395 

396 

397 

898 

399 

400  , 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 ; 

413  I 

414 

415 

416 

417 

418 

419 

420 


Head  of  Cascade  Creek do 

Pool  at  foot  of  Bridal  Veil  Fall do  ... 

Foot  of  Virgin's  Tears  Cliff do 

Lower  Biidge,  Yosemite  Valley do 

Giizzly  Giant,  Mariposa  Grove do  ... 

Summit  Head  of  North  Fork,  San  Joaquin do 

rpper  Chiquito  Meadows do  — 

Head  of  North  Fork,  San  Joaquin do 

Bridge  North  Fork,  San  Joaquin ....do  ....  

Mills  of  Madera  nume  and  Trading  Co.. do 56d 


56(2 
56d 
56d 
56<2 
56d 
56d 
I  56d 

S  56d 

56d 
56(f 
56d 
56d 
56d 
56d 
56d 
5ed 
5M 


2andl 

D.M. 

and  2. 
1 
2 
7 
2 
3 
2 

D.M. 

and  2. 


«  i^ 
»  s 

;  I 
_5 

I  FetL 

Sacramento  4,632.9 
and  Camp  38. 

...do 4,965.1 

.--.do 3,985.8 

...do 6,808.0 

...do 5,203.4 

Sacramento ...  6, 233. 9 

...do 6.053.6 

...do 4,505.7 

...do 4,567.0 

...do I  5,793.1 

..-.do ;  5,549.5 

...do 4,233.6 

....do 5,567.2 

...do 3,925.3 

-.do 7,748.5 

...  do 3,125.8 


Mariposa do  . 

Schultz  Mountain do  . 

Coulterrille do  . 

PefiaBlanca  (Haigh's  Ranch) do  . 

Moecasin  Peak do  . 

Culbertson's  Vineyard ' do  . 

Sonora  (McQuaid's  Ranch) do  . 

Murphy's  ' do  . 

Vallecfto  Post-office ....do 

Parrott's  Ferry do  . 

Brown's  Flat do  . 

Sonora  Post -Office  do  . 

Baxter's  Station,  Sonora  Road do  . 


56d 
56d 
56d 
56d 
'  56d 
56d 
56d 

bad 

56d 
56d 
56d 
56d 
56d 


Bridgeport  

Swann's  Ranch,  East  Walker  River California 57o 


8 
5 
8 
3 
1 
2 
2 
2 
1 
3 
4and8 
11 
1 
3 
8 
2 
2 
1 
1 
1 
1 
1 
I 


Sacramento 
and  Camp  41. 

Camp  44 

•  Camp  48 

{  Sacramento... 

...do 

I. ...do 

do 

...do 

...  do 

i do 

!....do 

I...  do 

I. ...do 

|....do 

.--.do 

I. -..do 

....do 

...do 

;....do 

....do 

...  do 

|....do 

i do 

I. ...do 


Cory's  Peak I do  . 

Aurora — do 

French's  Peak Kerada 

Deveriughara's  Ranch do    

Postpn  Peak do    

Adobe  Meadows California  .. 

McBride's  Ranch do 

McBride'sPeak do    

Fort  Lyon Colorado 

Sizer's  Ranch do 

Anderson's  Ranch do 

Lockwood's  Ranch ' do 

Hog  Back do 

Costilla ....do 

Alkaline  Station do 

Vogle's  Ranch do 

Head  of  Plum  Cafion do 

Lower  end  of  Crane  Valley California... 

Fresno  I-Tat do 

Beailwood  Peak ' do 

Lewis  Ranch do 

Probasco's  Ranch |....do 

Green  Mountain do 

Fresno,  Cal ; do 

Fowler's  Peak do 

Cole's  Ranch  do 

Base  of  Hazelton  Peak do 

HazeltonPeak do 


57a 
57a 
576 
57b 
576 
57c 
57c 
57c 
62d 
62d 
62d 
e2d 
62rt 
e2d 
62d 
62d 
62d 
646 
646 
646 
646 
646 
646 
646 
646 
646 
646 
646 


Winnemncca 

....do 

...do    

..  .do 

;....do 

...  do 

...do 

•-.do 

...do 


3 

2and3 
3 
2 
3 
4 
2 
2 

D.M. 

8 

2 

D.M. 

10 

D.M. 
9 

8andl 
6 
8 


Santa  F6 

...do 

...do 

...do  

'  Denver 

;  Santa  F6 

I...  do 

I  Sacramento.. 

|....do 

I. ...do 

.-.-do 

....do 

...  do 

'...do 

...  do 

....  do 

L...do 

I...  do 


7. 970. 8 

7,717.7 

4. 031. 9 
5,310.7 
3,843.1 
5,837.8 
7,  253. 3 
6,763.2 

I  7,184.6 
I  4,385.6 
!  4,490.3 
1,  961. 8 
2,275.2 
1,664.9 
1.806.8 

3. 003. 4 
080.5 

l,ft<8.5 

I  2,194.7 

'  1,748.4 

'      834.4 

1.063.9 

1.815  7 

4,114.5 

6,423.5 

5,041.7 

11,  326. 0 

7, 449. 2 

10,892.7 

6,496.7 

11,977.7 

6,  594. 4 

5.560.6 

13. 442. 7 

3. 910. 2 
4,  035.  5 

4. 248. 5 
4,997.3 

I  5,466.8 
7,792.5 
4. 135. 8 
4,  20."i.  3 
5. 754. 5 
3, 184. 8 
2,192.4 

4. 451. 3 
966.0 
972.5 

1,351.7 
!  313. 7 
1, 760. 3 
1.221.2 
478.6 
2,060.5 
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I 


LocaUty. 


Stat©  or  Terri- 
tory. 


421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
489 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 

454  I 

455  ; 

456  I 

457  ; 
458 
450  I 
460 
461 
462 
463 
464 
465 
466 
467 
468 
460 
470 
471 
472 
473 

474  1 

475  I 

476  I 
477 

478  I 

479  : 

480  ' 

481  , 
482 
483 
484 
485 
486 
487 
488 
489 
490 
401 
402 


Bnrrows  Mountain '  California 

Behring's  Store ....do 

Morrow  Mountain I do 

Eisen  Yinevard ,  —  do 

Mark  Mood  Meadows ' do 

Bald  Rock I.. -do 

Lookout  Mountain do 


.do. 

.do. 

do. 
.'.  do  . 
...do  . 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 


646 
046 
646 
646 
63a 
65a 
65a 
05a 
65a 
65a 
65a 
65a 
I  65a 
I  65a 
650 
G5e 
65<; 
606 
696 


I 

^8 


r 


B«lerence  sta-  { 

tion.  I 


696 


Busy's  Ranch,  on  Dinky  Creek 

Ash  Springs 

Hyde's  Union  Saw-Mill 

Bald  Mountain(a) 

Bald  Mountain  (6) 

Boyd's  Ranch 

Stokes  Mountain 

Scodie's  Ranch 

Canebrake  Ranch 

Tilly's  Ranch 

Trinchera 

M  vers'  Ferry 

Cattle  Ranch,  Rio  Grande 

San  Cristobal  Crossing 

San  Cristol>al  Crossing,  high  bank . 

Taos 

Rouchos  de  Taos 

United  States  Mountain  Pass  Ko.  1 

United  Stotes  Mountain  Pass  Na  2 do |  69<f 

Head  of  drain  of  Pueblo  Creek i do  ... 

Pueblo  de  Picuris do  . . . 

Euibuda ] do  . . . 

La  Joya I do 

Plaza  del  Alcalde ; do  ... 

Pojoaque ....do  — 

Pueblo  de  San  Juan i do  ... 

Cuyamungue do 

Jesuqne  Creek,  crossing  S.  F.  and  T.  Road do  . . . 

CostiUaPass  ....do  ... 

Burbank's  Ranch do... 

l*urgatoire  Road,  7  milee  east  of  Trinidad  !  Colorado 
Purgatoire  Road,  4|  miles  west  of  Trinidad  . . .  .do 


New  Mexico.. 

...do 

...do 

do 

do 


11 
3 
7 
D.M. 
5 
8 
3 
3 
2 
2 
6 
3 
4 
3 
5 
3 
2 
2 
3 
2 
S 


JWt 

4,2^.4 
4,973.6 
2,0(5.3 
35&0 
5.929.1 


69d 
69d 


69d 
69d 


md 


Cnmerou's  Comer. 

Ponil  Pass  

Taos  Pass 

Taylor's  Ranch 

Fort  Union 

I>)dge's  Cut-oflf 

Los  Alamos 

Stone  Ranch,  Canadian  Road  . 

Lake  east  of  Mora 

Cahente 

Pampa 

HavOah  Town 

Palmer's  Ranch 

Walker's  Pass,  summit  of 

Birds'  Springs 

Welden 

Dahlonega  Hot  Springs 

Granite  Station 

Barker's  Ranch ^ 

Bakerefleld 

Soap  Spring 

Ranch. 


Tejon 

David  McKenzio's  Ranch 

Twin  Lake 

Breckinridge  Mountain 

Lievre  Ranch 

Hughes  Ranch 

Junction  of  Lievrc  and  Castac  Creeks 

Newhall's  Ranch  ! do 

San  Fernando  Tunnel,  south  mouth ' do 

San  Fernando  Mission | do 

Brown's  Ranch .do 

DiWde  on  old  stage  road  between  San  Fer- do 

nando  Plains  and  Simi  Valley.  | 


New  Mexico . 

...do.  

...do 

...do 

...do 

..do 

...do 

...do 

do 

California.... 

..do 

..  do 

...do 

..  do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

..  do 

...do 

...do 

..do 

...do 

...do 

do 


mi 

694 
69d 
70a 
70a 
70a 
70a 
70a 
70a 
70a 
70a 
70c 
70c 
70c 
70c 
70c 
73a 
73a 
73a 
73a 
73a 
73a 

i  73a 
73a 

i  73a 

!  73a 
73a 

I  73a 
73a 
73a 
73a 
73a 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 


land2 

1  ; 

2  I 
1  ' 
3 
2 

1 
2 
2 
2 
2 
3 
1 
2 
3 
2 
3 
1 
2 
1 


Sacmmento 

...  do 

....do 

...do 

...do 

.  ...do 7.816.8 

Camp  21    ...  I  9,660.7 
Sacramento...,  5.642.8 

...do 1,810.0 

...do ;  5,287.7 

...  do t  8,295.8 

..do    8,97.8 

...do MLS 

....do 2,0tB.0 

Los  Angeles  . .    2, 715. 6 

..  do 3,903.9 

do 2.696.6 

SantaFA  ....  ;  7.66617 

...do 7,4»7 

...do 7.88«.« 

..:.do 6,OT5.4 

...do 7,138.9 

6.949.4 

Santa  F6 6,963.8 

...do 8,414.5 

...do 9.25L6 

...do 8,933.9 

.    do 7.256.7 

...do 1  6.028.9 

I  5,712.0 

5,685.0 

;  5,7W).l 

Santa  F6 <  5.6S4.1 

...do I  5,918.7 

I  6,688.0 

Santa  F6 'l0.1g7.8 

...do 6,682.2 

..  do 6,80.5 

...do 6,188.6 

...do 7.iafc0 

..  do 9.842.8 

...do 9.282,2 

...do ;..    7,286.4 

6,744.1 

Santa F6 6,884.8 

6,789.0 
5.844.2 
6.I8S.9 
1.814.1 
87L0 
3. 149. 6 
2,84&4 
5,822.2 
3.948.4 
2,8ia2 


..  do. 

...do 

...do 

Los  Angeles  . 

..  do... 

...do 

do. 

do. 

do. 

do 


..  do 2.182.8 

...do 1,743.5 

...do 884.8 

...do 482.0 

...do 906.4 

..  do 1,448.9 

...do    8.716.4 

..  do 5,186.4 


5.608.8 
3,758.8 
3,8SL9 

i^ssao 

874.1 

1.4S&7 

l.OI&O 

1,768.7 

...do 1,887.2 


do. 
..do. 
..do  . 
..do. 
.  do. 

do. 
.do. 

do. 
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LocaUty. 


State  or  Terri- 
tory. 


*S  §      Reference  st*- 

r ;        i 


h 


TapoBanoh 

Simi  Ranch 

Lou  Poxos  Ranch 

Sprinjprille 

('onejo  Ranch  

Santa  Roea  Valley 

Nfwberry  Park,  Camp  39 

Potraro 

Lion'A  Head 

Los  Encinos  Ranch 

Tahuenea  Pass 

SanU  Monica 

Lankershin's  Ranch 

S vcamore  Grove 

<  funeral  Stoneman's  HoiiBe 

San  Gabriel  Peak 

AKUsa 

Dalton's  Ranch 

San  Gabriel  Mine 

Pinto  Rock 

The  XarrowB   

('acanionga  Ranch 

San  Bemaidino 

St<H'kton*8  Cabin - . 

Miitthew*B  Ranch 

Cajon  Cafion  (Fear's  St-ation) . . 

Cox  Cabin 

B«ar  Valley  Town  Hotel 

Foraee's  Ranch 

Tannery 

Sawmill  in  Little  Bear  Valley . 

WTiisky  Johnny's 

Waterman's,  R.W 

Colton  . 


(>sk  Spring  Encinoso 

High  Peak 

I*1aza  Mangos 

Uit4>  Quemado 

LaPilia 

Mulligan's 

ro>ote  Spring 

San  Francisco  on  Rio  Pnerco  . 

La  imada 

Saiit4>  Domingo -*. 

Lcm  Pinoe.... 

Pt^mlta 

Xew  Placers 

Placer  Peak 

Pedemal  Water  Hole 


pMlemal  Peak 

Pe*lemal  Pass 

tsan  Marco's  Spring 

South  SandiaPeak 

tndian  Ranch 

Pefia  Ulanca  

Hin  Grande  at  Ford 

^nta  AAa 

Divide,  eastern  rim  Rio  Pnerco . 

^Hu  Louis  Rey 

Moutbof  Rio  Call© 

rijeraa,  1  mile  above 

Socorro  I?  ord 


MKJorro 

?m*blo  Springs 

;k«To  de  Cul«H>ra 

,*til»*br»  Spring 

irtcorro  Peak 

fid  va<lero  Peak 

)jo  dc  la  Guinea 

drones  Peak 

lau  J(m6 

tio  Cvnuide  Ford  near  Socorro . 


California, 
.-..do.... 
....do..... 

....do 

...do 

....do 

....do.... 

..  do 

....do  .... 

...do 

....do 

...  do..... 

...  do 

...do 

....do 

...do 

...do 

....do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

do 

New  Mexico . . 

..  do... 

...do... 

..do    .. 
Arisona 

...do... 

. .  do  . . 
New  Mexico . . 
do 


.  do. 
..do. 
..do. 
..do. 
..do. 
..do. 

..do. 
..do. 

do. 
..do. 
..do. 
..do. 
..do. 
..do. 

.do. 

.do. 

do. 
,  do. 

do. 

do. 
.do. 
..do. 

do  . 

.do. 
.do. 

.do. 

.do. 
.do. 
.do. 


73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
76d 
76d 
76d 
76d 
76d 
76d 
76d 
77a 
776 
776 
776 
776 
776 
776 
776 

776 
776 
776 
776 
776 
776 
776 
776 
776 
776 
T76 
776 
77c 
77c 
77c 
77c 
77c 
77o 
77c 
77c 
77e 
77c 
77c 


2 

1 
2 
2 
4 
1 
3 
5 
6 

7and5 
1 

I  4 

2 
1 
1 


Los  Angeles .. 

do 

...do 

...do 

do 

..  do 

...do 

....do 

....do 

...do 

..  do 

...  do 

...do 

...do 

..  do 


2 

1 
2 
2 

2  , 
2 
2 

7  I 
4  I 
2  I 

2and2  I 
4  , 

'[ 

2-1, 
1 

2  I, 
5 

3  .. 
2  . 

4  t. 
2  . 
3 

2  . 
3 


I- 


Los  Angeles . . 

.  do  71 , 

.  do 

...do 

...  do ; 

...do 

...do 

...do 

...do 

...do 

...do I 

...do , 

...do I 

..  do 

...do I 

...do I 

...do 

— do I 

SUverCity....! 

...do ' 

...do j' 

...do ' 

...do I 

Fort  Bayard..' 

...do 

SantaF6 


■I 

3  « 

4  I 

D.M.  ; 

and  3  ! 
6  t 

1  . 

2  I 

^1 

I  D.M 
t  1 

I 


1 
2 

1  I 
2 
1 
2and3 
2 
3 
4 

10  I 
5 
2 
4 


Santa  F6. 
..  do.... 
...do.... 
...do... 
Camp  22  . 
Santa  F6.. 

Camp  28 . . 
Santa  F6.. 
..  do  ... 
...do.... 
..  do    ... 

..do 

...do 

...do 

...do 

...do    .... 

...do 

..  do 

..  do    .... 

...do 

..do 

...do  .  .. 
...do   .... 

..  do 

...do 

...do 

Camp  42.. 
Camp  45 .. 
Santa  F6.. 


Feet 

1,378.0 

673.5 

258.6 

48.4 

579.3 

174.7 

830.1 

1,027.9 

1,693.4 

772.0 

750.0 

15.4 

568.3 

447.2 

645.1 

6,282.0 

503.7 

568.2 

1,702.5 

3,903.4 

2,507.0 

1,168.0 

950.1 

5,876.9 

6.294.4 

3,162.2 

5,329.1 

6,592.0 

3.587.1 

4^399.9 

4,884.7 

5,185.9 

1,908.4 

8oa2 

7,203.6 
9,434.2 
»7. 3ia  8 
6.826.7 
5,  849. 8 

6. 912. 2 
6,874.3 
5,444.1 
5,  514.  5 
5,109.8 
4, 674. 8 
4, 661. 1 
6,666.9 
8.965.2 
7, 140. 1 

7,580.3 
7,180.7 
6,055.8 
8,567.4 
5,200.8 
5,170.2 
5, 107. 1 
5.292.0 
5,934.1 
5. 152. 0 
5.  019. 1 
6.306.3 

4,  533.  8 

4. 619. 3 
6,398.1 
6.992.2 
5,706.6 
7,  281. 1 
7,324.9 
5,673.4 
9,  214. 3 

5,  057. 1 
4,620u9 
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I, 

ft 


Beferenoe  sta- 
tion. 


It 


565 
566 
567 
568 


570 
571 
572 
573 
574 
575 
676 
577 
578 
679 
580 
581 
582 
583 
584 
685 

586 
687 


500 
591 
692 
593 
594 
595 
596 
597 
598 
590 


611 
612 
613 
914 

615 
616 
617 

618 
619 
620 
621 
622 
623 
624 

625 
626 
627 
628 


GasaColorada New  Mexico. 

OJo  de  la  Parida do 

Cerro  Tecolote |  —  do 

GaUinas  Spring do 


WestGaUinas  Mountain. 


.do. 


Lagnna  Gallinas  do  .. 

GranQuivira -, do  -. 

Puntade  Agua do  .. 

Lomitas  Spring do  .. 

Chnpadero  Spnne  .^ do  .. 

Chnpadero  I^nch do  .. 

GaUinas  Ranch do  .. 

Bercndo  Spring do  .. 

Pogosdel  Pino do  .. 

Los  Lunos do  .. 

OjodelOso,  Camp  20 do  .. 

MoacaPeak do  .. 

OJode  Estancia : do  .. 

Rattlesnake  Hill do  .. 

LaLagunade  Sal do  .. 

OBhaPeak , do,. 


.do. 

do 

do. 
.do. 
.do. 
.do 
.do. 
.do. 
..do. 

do. 
..do. 
.do. 

do. 
.do. 

..do. 
..do. 
.do. 
..do. 


Comanche  Cafion  Pass 

OJo  de  la  Gasa 

Beleii 

Picacho  de  Sabinal 

Los  Lnnas  Ford 

Manzano  Peak 

Tomasof>fios  "Water  Holes. 

OjodelCUjolo -. 

CiboloHill 

Tanques  de  Cafioncito 

Conatancia 

Ojo  do  las  Cafias 

MesteQito  Ranch 

Pyramid  Hill 


600     Upper  Abo  Pass . 
<601     Ojo  Chameleon  .. 

602  I  AlMnillo 

608     Algodones 


604 
605 
606 
607 
608 
609 
610 


Sandia do , 

Alameda do 

Month  of  Rincon  Colorado do 

Head  of  Cafion  Largo do 

Sonth  end  of  Mesa  Chupaines do 

Headof  CaSon  de  Agna do 

Mouth  of  Conchas  Cafion,  west  bank  of  do , 

Arroyo. 
Church  at  Riverside !  California 


Santa  Afia  Hotel 
Camp  A|)ache  .... 
CienegaAmarilla . 


.do 

Arizona 

New  Mexico . 


Carrieo  Sprinz do  . 

GalloSpnng. do  . 

Patterson's  Ranch do  . 


Paria*s  Spring do 

Bcjcker's  Store,  Spriogerville Arizona 

San  Francisco j  New  Mexico  . 

Torreon  Springs do 

Cuohilla  Negra .do 

Ferry  to  Fort  McRae ! do 

Fort'McRae ...do 


Eight-tenths  mile  above  Fort  McRae  ....  | ...  .do  . 

Alnmocita do  . 

Rio  Grande,  2^  miles  above  Alamocita . . . ! do  . 

Chupadero  Spring I do  , 


77d 
77d 
Tld 
TJd 


lid 
nd 
nd 
TJd 

nd 

lid 
lid 

TJd 
lid 
lid 
lid 
nd 

nd 

lid 
1  77d 
77d 
77d 
77d 
77d 
77d 
77d 

77d 
77d 
77d 
77d 


77d 
77d 

78a 
I  78a 
,  78a 
I  78a 

78a 

806 
80& 
836 
836 

836 
836 
836 


,   1 

2 

7 

3  and  7 


77d 

10 

77d 

D.M. 

77d 

D.M. 

77d 

1 

77d 

3 

77d 

8 

77d 

D.M. 

77d 

3 

77d 

1, 

77d 

2,5,&3 

1 

i   Feet 
Santa  F6 4,679 

....do  .  I  4,92<J 

Camp  72 7,2i>: 

Santa  F6  and  !  7,67:J 

Fort  Craig. 
Camp  73  aad 

Santa  F^. 
Fort  Craig... 

do 

....do 

...do 

....do 

...do 

Santa  F6 

....do 

...  do 


D.M. 
16 


8.461 
6,392 

6,44Mi 

6,591) 

5.7ai 

6.240 

5,81>'^ 

6.91 

7,49: 

6,  or. 

4  B^i' 

SantaF6 1,1K 

I  Camp  26 9,1'^ 

Santa  F6 ,  6,177 

Camp  30 1  B,6U 

Santa  F6 i  6.04f 

Camp  83  and  10,02*.^ 

SantA  F6.  ^ 

Santa  F6.., 
...do 


1 
1 

1 
2 
1 
2 
1 
2 
8 
4 

1 

4 

2 

D.M. 

1 
1 
8 

4 
5 
1 
3 

1 
2 


2 

2 

4and2 


Santa  F6. 


8^284 

4.811; 

4,67.- 

4,9:m 

..do 10,0h( 

S.  501 
S,frl(J 
6,47. 
5,0K 
4,711 
5,l.-i< 
flL20 
6i62S 


do 

...do 

....do 

..do 

...do 

....do 

....do 

Camp  58  and 
Santa  F6. 

Santa  F6 

Camp  10  ... . 

SantaF6 

George  town 

and  Santa  F«. 

....do... 

.-..do... 

Santa  F6 
...do... 
...do... 
....do... 
....do  ... 


836 

2 

836 

2 

836 

2 

84a 

D.M. 

84a 

1 

84a 

1 

84a 

84a 

3 

84a 

1 

84a 

8 

84a 

5 

6.431 

4,00^ 
5,10^ 

4,93^ 

4,90- 

5,3:.^ 

6,84 

6,51*- 

5,1(« 


Los  Angeles  . .       891 

....do 14 

SantaF6 S^OOc 

Fort  Bayard  A:    7,1^ 

Silver  City. 
Fort  Bayard..    7,827 

— do 7,6Hfl 

Fort  Bayard  Sc    «.  7ia 

Silver  City. 
SnverCity...     «,89;1 

do 6,7r»>- 

— do S,6K^ 

Santa  r6 5,07i] 

...do 4,56^ 

...do    4,09:i 

SilverCity  and  \  4, 894 

Santa  F6, 

Santa  F^ 4^405] 

....do !  4,2r>fi 

....do I  4,2:^:^ 

....do I  489-^ 
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1 


Locality. 


,  State  or  Terri- 
I  tory. 


J 


*e  o       Reference  e 

|i  j     ^^°- 


Fray  Cristobal New  Mexico..  84« 

PanOe |....do 84a 

Paraie  Ferry I...  do 84a 

San  Mateo  ]f*eak do 84a 

La  Monica  Springs 1 do 84a 

Maf^delena  Peak..... i do 84a 

Garcia  Peak „ do 84a 

San  Mateo  Divide ..do 84a 

QtoCalicnte do 84a 

Shaw'eRanch do 84a 

Old  Camp  Sherman t do 84a 

Alfuno  Station j  - .  do 84a 

Camp  Vincent  do 84a 

McKnight's  Ranch I do •...,  84a 

Continental   IMvide,- head   of   Cachillo  l....do 84a 

Negro.  I 

Head  of  Middle  Fork  CnohilloNefcro I.. ..do 84a 

.    84a 

.!  84a 

.  S4b 

:  846 

.  Mb 

.'  84fr 

.1  84b 

.1  84b 

.  846 

.;  846 

.    846 

.1  846 

846 
846 
846 
846 
846 
846 
846 
846 
846 
846 
846 
846 
846 
846* 
846 
846 
846 
846 
84c 

84c 

84e 

84c 
84c 
84<- 

84c 
84e 


% 


e 
1 

B.M. 


Lnera  Spring    do 

Continental  Divide,  on  road  from  OjoCa*  i....do 
liente  to  Shaw's  Ranch.  I 

Fort  Craijc do 

Tonsaaint's  Ranch 1...  do 

Drippinir  Springs* i do 

SalraasPeak. j  —  do 

Moand  Spring |...  do 

Jaraloso  hpring —  do 

Nogal  Peak do 

Fort  Stanton.... I do 

Dowlin's  Mill \ do 

Head  of  Carrizo  Creek .-  do 

Sierra  Blanca  Peak do 


-Trea  Cerroa  Sjn 
Eaat  Carrizo  Cone  . 

Mnrphy 's  Ranch,  Carrieozo  Spring 

Vorth  end  of  MalPais 

Wliite  Oak  Spring 

Taylor's  Ranch,  JicarUla  Mountains 

Winter's  Ranch,  Jicarilla  Mountains  . . . 

West  Jicarilla  Cone 

Camp  IJanoSprfaig ^ 

C«  rro  Colorado . 


do 

do. 

do. 

•do. 

do. 

do. 

do. 

•  do. 

do. 

do. 

San  Pedro    \ do  . 

SanMarcial  ...do. 

Oscura  Water  Holes 1  ..  do  . 

South  Oscura  Mountain I do  . 

do  . 

do. 

do. 

do. 

do. 

do 

do  . 

do. 

.do. 


I  FmL 

Camp  42 I  6,646.2 

Santa  F6 '  4,319.2 

..  do 4,352.5 

...do 10,208.6 

SUverCitvand    7,601.9 
Santa  F6. 

Camp40 10,798.0 

-do 9,919.8 

Silver  City  ..     8,960.1 

. .  do I  6, 081.  0 

...do 7,255.7 

...do  .  , t  6,92&6 

..  do I  6,593.0 

...do 6,188.1 

...do 6,237.2 

...do 7,698.2 


e 

« 

1 

4andl 

4 

D.M. 

S 

» 

•  t 

1 


a  |....do 7,628.3 

D.M.    ...do I  7,585.2 

1    ....do 7,92L5 


D.M. 
3 

D.M. 
9 
4 


Santa  F6 

...do. 

Fort  Craig.   . 

Dripp'g  Spring 

Fort  Craig  . 
do 

Camp  50 .. ., 


Fort  Craig  . . . . 
Fort  Craig  and 

Santa  !•>. 
Fort  Craig  . . . . 
....do......... 


Mal'Pais  Spring 

Ojo  Milagro 

Pliertocito 1 

Six  miles  above  Mal-Pais  Spring 

FortSelden 

Point  of  Rocks    

Aleman  or  Martin's  Ranch I 

Left  bank  Rio  Grande,  opposite  Polomas  .  I 

Kio  Grande,  39  miles  from  Polomas I m«^ 

FairbeUUill l....do 

Hillsboro'  ,  . .  do 

T^per  Ford  of  Black  River ..  do 

Feat  Ranch '....do 

Entrance  to  Nell's  Pass j...  do 

Polomas    do 

Brent's  Ranch — do 

Shaw's  Ranch,  Animas  River I  ■ . .  do 

Animas  Peak    do I  84c 

Divide  at  headof  Perces  River J do |  84c 

Head  of  Sierra  Blanca  Creek r. do I  84c 

Divide  at  head  of  Chicken  Creek * do |  84c 

.    ~       .  .  g^^ 

I  84c 

I  84c 

I  84c 

I  84c 


6 
8 

6 

h 

4 

9 
1 
1 
D.M. 
7 
4 
3 
5 
3 


Fort  Craig  . . . 
...do........ 

...  do 


Camp  71 , 

Fort  Craig.. 
Camp  81  ... 
Fort  Craig . . . 

do 

do 

Csmp93 ' 

Fort  Craig....; 

....do. ..?... ..I 

Fort  Bliss**.*.  ' 


McEver's  Ranch do. 

Colorado  Plaza,  Rio  Grande do  . 

Picacho  Peak ....do  . 

Slocam's  Ranch I. ...do  . 

Haisdalena  Pass < do  . 


D.M. 
6 

D.M.  t 
2 
2 


D.M. 
1 
4'« 

1 

4  ' 

2  , 

1 

4 

1 

2* 

2 

1 

2 

1 


SUverCity  ..  I 

...do I 

..  do ! 

Fort  Bavard  . 
SUverCity.... 

do 

..do    

Fort  Blis«. . . . 
SUverCitv... 

...do    

...do I 

..do I 

..  do 

Camp  48 ' 

Fort  Bayard  . .  I 

....do 

...do 

...do I 

...do ' 

...do I 

...do 


4,447.5 
4,634.0 

5. 623. 4 
9, 039.  5 
4,335.7 

4,  783. 1 
9. 983.  0 
6, 151.  5 
6. 491.  0 
8, 831. 3 

11,892.3 

6, 127. 7 
7,075.7 
5,300.0 
5.360.4 
6,  617. 7 
6,988.3 

6,  58-'.  4 

7,  726. 7 
5,348.2 
5,653.7 
4,488.4 

4. 385. 1 

5,  461.  3 

8,  732.  3 
4, 105.  6 

5. 172. 5 
6, 42a  3 
4, 115.  0 
3,900.0 

4,  268. 3- 
4,594.3 
4, 120. « 
3,955  5 

6,  :.88  9 

5,  ££,\.  8 
0,  70-J  3- 
4,183.5 
6,ttKJ.  3 
4, 1«0.  4 
4,021.4 
4. 691. 9^ 
G.  lOCl 

8. 264. 2 
6,307.1 
7,445.1 
5, 086.  2 
4, 007.  8 
4,  824.  5 
4, 519. 1 

4. 754. 6 
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Hat  of  AlHtudea — Continued. 


I 


Locality. 


State  or  Teiri- 
I    tory. 


698 
609 
700 
701 
702 

703 
704 
705 

706 
707 
708 


709  I 

710  i 
711 

712  I 

713  I 
714 
715 
716 

717  , 

718  : 

719  I 
720 
721 
722 
723 
724 
725 
728 
727 
728 
729 

730 

731 
732 
733 
734 
735 
736 
737 


Maaon'B  Kanch i  New  Mexico. 

Ca&ada  Ranch | do 

FortGommine^s do 

Macho  or  Mule  Springs i do 

Mule  Springs,  5  miles  west  of  Macho   do 

Springs. 

Hurricane  Kock do 

Rio  Mimbres  Ford do 

Warm  Springs I do 

M  imbreH  Set  tUnm'ut ' do 

Ciittfudeii's  Rfinch do 

l)ivid»>,  bi't  wt'pn  Wanii  Springs  and  Mim-  do 

bie»  Sot  t  If  men  t. 

Hot  Sprui;L;8 j do 

Foil  Bayard ., , do 

Lono  Mouutain do 

A  pache  Tejo l....do 

Ci)w  Spring. do 

Hut  Spriutt»  (13  miles  from  Magruder*s) do 

Minihre'rt  Forkfi do 

Head  of  Black  River do 

Diablo  KuoU do 

Piiios  Altos  --..do 

Piuim  Altofl  Peak do 

Bbick  Peak do 

iJanover  Peak do 

Cook's  Pt'flk do 

Santa  Rita  Copper  Mmes do 

Georp-town ....do 

Hemfi'ick'B  Peak j....do 

South  end  of  Bayaixl  Base,  Station  B do 

Cow  Spring,  Pyramid  ¥. ! . .  -  do 

Blurt"  Hill,  Station  D do 

Tularosa. do 


San  Nicolas  Spring 

Shedd's  Ranch.  San  Augostin. 
San  Angustin  Pass  . 


I  mile  south  of  White  Water  Spring. 
•'sMill...., 


.do. 


Indian  Agency,  near  Blazer' 

Elk  Spring .....ao 

Silver  Springs ...  do 

Head  oi  Pefiasco  Creek do 

738  '  Ford  of  Pefiasco  Creek  at  Corral I do  . 

739  Spring,  2^  miles  north  of  Elk  Spring do  . 

740  RobladoPeak A do. 

741 

742 

743 

744 

745  ' 

746 

747 

748 

749 

750 

751 

152 

753 

754 

755 

756 


LasCmoes , do 


do. 

do  . 
.do. 

do. 
.do. 

do. 

do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Mesilla  Crossing,  RioOrande.. 

Capitan  Peak 

Capitan  Pass , 

Hacheta  Peak 

LaLacha  Spring 

Black  Rock  Tank 

Kettle  Spring 

South  Florida  Peak 

Las  Teneias 

Nigger  Head  Spring 

Camzillo  Spring 

Florida  Peak 

Jackson  Ranch 

Cottonwood  Springs 

North  Franklin  Peak 


84<; 
84c 
84e 

846 
Sio 

He 
84c 
84c 

84c 
84c 
84c 

84c 

84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84c 
84<i 

Sid 

Sid 

Sid 
Sid 
Sid 
Sid 
Sid 
Sid 
Sid 
Sid 
Sid 
Sid 

Sid 

85a 
85a 
S9b 
896 
90a 
90a 
90a 
90a 
90a 
90a 
90a 
90c 
90c 
90C 


-J 


Reference  sta- 
tion. 


Fort  Bayard  . . 
Silver  City 


2     SUverCity.... 


1    ' 

< 

4.T714 

4,  84r.  4 
5,26lX 
6,  e»2  ^ 


..  do (1,478  i 

do 6,02>4 


1 
4 
4 
1 
8 
8 
3 
3 
3 
2 
2 
8 
3 
8 
8 
3 
D.M. 
3 

D.M. 
1 
8 
8 

D.M. 

D.M. 
5 

D.M. 
2 
2 

D.M. 

and  4 
1 
8 
1 
5 
4 
2 
2 
8 
2 
2 
2 
8 
4 
4 
2 


Santa  F6  and 

Silver  City. 

Silver  City.... 

....do......... 

.-..do    


.do. 


Silver  City  ...| 


Santa  F6 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

SUverCity.... 

Santa  F6 

...do 

...do 

Silver  City.... 

. . .  do 

...do 

SUverCity  and 

Fort  Craig. 
Fort  Bliss  and 

SUver  City. 

....do 

Fort  BUss 

SUverCity 


5,007  I 
6,004  1. 

K,  ar73  I 

«.  058  I 

6.  9B5.  i 
5.47i.| 
6, 00(1  f 
6.781  f 
7,56*J^i 
7,45tli' 
7, 61^  i 
0,844  i 
8,127  f 
8,909  I 
7.806^1 
8,82S 
6,101. 
6,45;\ 

7,  573 
5, 514 
5,768. 
7, 217 
4.367 

4.21S.I 


Santa  F6 

...do 

...do 

...do 

...do 

Camp  53 , 

Fort  Bayard . 


...do 

Fort  Craig. . . 

Santa  F6 

...do 


do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Fort  Bayard.. 
SUverCity.... 
...do 


4,«7R| 
5,663.1 
3.8&^  1 
6,44iM 
7,414  i 

7,  6*-  1 
7, 151>  1 

7, 60;j : 

6.  574 
8,808. 

8,  754  , 
10, 021' 

7,808. 

8,851!.: 

4, 755. 

4, 17« 

4,589. 

7.261. 

4,748. 

4,861. 

4,457. 

7,205. 

8,787. 

4,773. 

7,060. 


The  altitndesof  points  marked  thus  (*)  are  fh)m  aneroid  determinations;  aU  others  from  tilie  clsten 
|i>arometer.  • 
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Table  of  Altitudes  of  Points  of  Interest  in  and  about  ike  Tosemite  ValU^^ 
WATKBFAIX8. 


Name. 

Heiglit  above 
valley. 

He^tof 

Bemarka. 

IToMmite  Falls,  top 

Fe€t, 

2,550 

1.114 

488 

JV^. 

Meaaored  by  theodolite  and  barometer. 
Meaaured  by  barometer. 
Meaaored  by  theodolite. 

PooL  foot  of  Upper  Fall 

Tod  Lower  Fall ................ 

Upper  Fall 

i,436 
626 

488 

Second  Fall 

Third  Fall 

Nevada  Fall,  top 

Pool  at  foot  of  lall 

1,957 
1.352 

Meaaared  by  barometer. 
Do. 

Nevada  Fall 

605 

Do. 

Venial  Fall,  top 

1.^25 
782 

yemalFalfbaae 

Do. 

v^niAi  TJvn 

848 

Do. 

Theae  altitodes  are  referred  to  floor  of  upper  bridge,  3,851  feet  above  aea  by  barometer. 
*  Thia  list  is  compiled  for  immediate  aae  from  each  observations  as  have  been  worked  np. 
will  be  made  as  soon  as  the  computations  are  completed. 

POINTS  IN  THE  VICINITY  OF  THE  VALLEY. 


Additions 


Name. 

Heightabove 
valley. 

Heightabove 
sea. 

Remarks. 

Union  Point 

Feet 

2,356.0 
2,340.0 
3,069.0 
8,257.0 
2,593.0 
3, 8ia  0 
5,92L6 
4.953.0 
4, 160. 0 
3,633.0 
1, 154. 0 
2,678.0 
2,579.0 
6,17L0 

Feet. 

6,207.0 

6,19L0 

6,920.0 

7,108.0 

6,444.0 

7, 669.  0 

9,772.5 

8.804.0 

8,  OIL  0 

7,484.0 

5,005.0 

6, 529.  0 

6,430.0 

9,022.0 

Measured  by  theodolite. 
Do. 
Do. 

Union  Pofait  Finger v.. 

Sentinel  Rock 

Glacier  Point  (railing) 

Do. 

Yoaemite  Falls  flag.. 

Do. 

Eagle  Point 

Do. 

Cload'sRest 

Bv  barometer. 

South  Dome  (lip) 

Iteaaored  by  theodoUte. 
Do. 

Sentinel  Dome 

North  Dome 

Do. 

Columbia  Rock 

Do. 

Cathedral  Rock  (higher) 

Cathedra]  Eock  (lower) 

Starr  Tfing 

Do. 
Do. 
Do. 

PROMDTBNT  PEAKS. 


Name. 

Heightabove 
aea. 

Measored 
by- 

Bemarks. 

• 

Chtfk 

FeeU 
11.295 
12,518 
11,231 
10,872 
11,442 
13,191 
6,910 
7,153 
8,136 

Barometer  . . 

...do 

...do 

..  do 

...do 

...do 

....do 

...do 

...do 

Also  called  Gothic  Peak  and  the  Obelisk. 

Connesa 

Echo 

Near  Cathedral  Peak. 

Hoflfhiann 

Heroed 

Highest  of  the  Mount  Clark  Group. 

Lyell 

Devil's 

Wade's 

Chiqnito 

TOPOGRAPHICAL  MAPS  AND  PBOGEESS-SHEET. 

Seven  regular  topographical  atlas-sbeets,  on  a  scale  of  1  inch  to  4 
miles,  with  land-classification  areas  added,  will  accompany  the  extra 
copies  asked  for  of  this  report^  but  are  not  forwarded  for  insertion  in  the 
full  report  of  the  Chief  of  Engineers.  These  are  numbered  32  D,  47  B  + 
47  D,  61  D,  73  A,  78  A,  84  B,  and  lie  in  the  political  divisions  of  Cali- 
fomia,  Nevada,  and  New  Mexico.    The  large  amount  of  collected  topo- 
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grapbical  data  remaiuing  unpublished  (i.  c,  nearly  forty  atlas-sheets), 
would  admit  of  the  preparation  of  a  much  larger  number  within  a  year, 
but  the  office  has  not  had  available  draughtsmen. 

The  progress-map  herewith  submitted  shows  the  extension  of  the 
rectangle  scheme  eastward  to  the  Mississippi  Kiver,  thus  giving  123 
divisions  instead  of  95,  as  heretofore.  The  divisions  are  of  convenient- 
sized  areas,  and  can  be  used  as  the  basis  of  a  further  subdivision,  and, 
since  the  special  projection  practiciiUy  limits  distortion  to  a  minimiun 
and  admits  of  the  conjoining  of  the  sheets,  it  is  respectfully  suggested 
that  all  maps  hereaher  made  of  this  region  by  the  Engineer  Department 
might  be  constructed  upon  this  projection  to  secure  uniformity.  The 
altitudes  of  a  number  of  barometer  reference-stations  have  been  added, 
and  the  map  brought  down  to  date  as  nearly  as  the  limited  time  for  its 
revision  has  permitted. 

LAND  CLASSIFICATION  AREAS  AND  MAPS. 

Observations  upon  the  varied  native  resources  of  the  soil  and  underly- 
ing rock  were  undertaken  as  early  as  1872,  having  been  required  by  the 
instructions  of  that  year.  The  systematic  classification  of  the  land  in 
conjoining  areas  was  only  begun,  however,  in  1874,  and  has  since  con- 
tinued with  increasing  detail  year  by  year  without  interruption.  With- 
out appreciable  additional  time  or  cost,  the  measurements,  examinations, 
and  notes  required  by  which  to  demark  the  boundaries  between  tracts 
valuable,  for  instance,  for  grazing  or  as  timber,  can  be  made  by  the 
assistants  engaged  in  the  triangulation  and  topografphical  observations 
required  in  the  general  topographical  survey  of  a  given  region,  and 
thus  the  quality  of  the  land  becomes  known  before  it  is  parcelled  out 
into  legal  subdivisions.  It  cannot  be  expected,  nor  is  it  claimed,  that 
the  results  are  more  than  approximate,  as  no  rigid  rule  can  be  applied, 
and  the  judgment  of  the  individual  must  often  decide  where,  for  instance, 
should  be  noted  the  gradation  from  the  grazing  to  the  timber  line,  along 
sloping  foot-hills,  where  the  former  advances  into  timbered  areas.  The 
grazing  may  be  either  good  or  bad,  it  being  impracticable  in  most  cases 
to  note  with  accuracy  the  variations.  At  most,  the  percentages  given 
are  but  approximations. 

The  agricultural  land  reported  in  the  accompanying  tables  is  confined 
to  the  area  that  can  be  cultivated  by  irrigation,  it  having  been  ascer- 
tained that  a  sufficient  quantity  of  water  is  available,  and  as  the  esti- 
mates have  been  kept  below  a  minimum,  it  is  fair  to  presume  that  at 
some  future  period  the  amount  actually  cidtivated  may  prove  to  be  in 
extjess  of  amounts  stated,  resulting  from  the  small  local  increase  due  to 
irrigiation  itself,  not  taking  into  account  the  periodic  changes  in  rainfall. 
Soil  susceptible  of  cultivation  by  means  of  irrigation,  and  for  which  water 
cannot  apparently  be  had,  has  been  thrown  into  the  division  of  arid  and 
barren.  On  account  of  the  expense  of  publishing  in  colors,  only  four 
divisions  have  been  shown,  i.  e.,  (1)  arable  or  agricultural  with  irriga- 
tion; (2)  arid  and  barren;  (3)  timber;  (4)  pasturage  or  grazing. 

The  number  of  divisions  can  be  largely  expanded,  however,  and  of 
late  have  covered  the  cases  given  below  that  serve  as  a  description  of 
all  classes  now  known  to  the  law  in  its  disposition  of  the  public  lands, 
i.  e. : 

(  without  irrigation. 

1.  Arable  or  agricultural;  <  with  irrigation  (sufficient  water  being  avaUable),  or  dndn- 

i     age. 

2.  Timber,  J  L]  g^jfn  [  ^^*^  prevailing  species,  as  live-oak,  cedar,  &c. 
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3.  Pasturage  or  grazing,  J  L(  ^ad    \  ^^*^  species  and  quality  of  grasses. 

4.  Arid  or  barren,  including  "  desert-lands/' 

5.  Swamp,  tide,  and  overflowed. 

6.  Location  of  the  precious  and  economic  minerals,  such  as — 


1.  Crold,  in  place  or  placer. 

2*  Silver. 

3.  Cinnabar. 

4.  Copper. 
6.  Lead. 

6.  Iron. 

7.  Coal. 


8.  Tin  or  nickel. 

9.  Antimony  and  arsenic. 

10.  Sulphur. 

11.  Sodium,  chloride  and  carbonate  of. 

12.  Alum  and  borates. 

13.  Peats,  marls,  and  clays. 

14.  Asphaltum,  x^^troleum. 


The  following  table  exhibits  the  approximate  percentages  found  in 
areas  examined  that  exceed  125,000  square  miles.  More  values  will  be 
given  as  fast  as  they  can  be  prepared.  While  the  percentage  of  "ara- 
ble'' appears  small,  still  the  area  actually  "arid  and  barren,"  and  worth- 
less for  agricultural  purposes  in  but  one  case  reaches  53.18  per  cent. ; 
whOe  it  is  to  be  remarked  that  quite  a  number  of  these  atlas  sheets 
embrace  some  of  the  most  completely  desert  portions  of  the  United 
States: 
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REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


Adverting  to  the  mooted  question  of  a  change  in  the  system,  or  rather 
of  the  size  and  shape  of  the  tracts  of  land  to  be  parcelled  out  tp  the  settler, 
it  may  be  said  that,  should  a  classification  resulting  from  observations 
made  by  topographical  engineers  engaged  in  a  general  survey  be  devel- 
oped to  embrace  the  whole  public  domain,  an  intelligent  idea  could  then 
be  formed  of  the  necessity  therefor;  and,  ad  interim^  the  rights  of  the 
settler  now  occupying  in  advance  of  the  land-survey,  as  well  as  those 
electing  meanwhile  to  homestead  upon  the  public  domain,  would  be 
preserved  under  existing  laws,  the  government  thereby  reserving  all  its 
rights  as  trustee;  and,  indeed,  no  change  should  be  made  in  the  present 
subdivision  of  the  townships  until  the  government  is  i>osse88ed  of  full 
information  upon  which  to  base  a  new  plan,  such  as  could  alone  result 
from  a  complete  and  exhaustive  classification  of  the  entire  area  remain- 
ing unparcelled.  The  number  of  land-classification  sheets  published  to 
date  is  twenty-one,  and  twelve  others  are  in  various  stages  of  completion. 

ROUTES  OP  COMMUNICATION. 

Lists  of  distances  over  the  most  important  routes  of  the  regions  vis- 
ited by  the  several  main  parties,  prepared  under  the  supervision  of  each 
chief  of  party,  are  herewith  given. 

The  special  rejwrt,  giving  lists  of  geographical  positions,  altitudes, 
distances,  &c.,  being  again  delayed,  will  contain  a  combined  exhibit  of 
all  prominent  routendistances  obtained  up  to  and  including  1879. 

List  of  DigTANCES  between  prominent  points  meandered  by  party  no.  2, 

COLORADO  SECTION,   187a. 

Fort  Bliss,  Tex.,  to  Fort  Craig,  N.  Mex. 
Fort  Stanton,  N.  Mex.,  to  Fort  Bliss,  Tex. 

From  Fort  BUas,  Tex,,  to  Fort  Craig,  N.  Mex^—AtloB-^heeU  No$,  90  and  84. 


FortBllBs 

Jackson's  Banoh  (or  Cottonwoods) 


Las  Cmoes 

Dofia  Ana 

FortSelden  .... 
Point  of  Rooks. 

Aleman ........ 


Toossaint's  Banoh. 
Par^Je 


Forty  .... 
Fort  Craig  . 


Distance  in  miles. 


i 

h 
i^ 


2S.24 

21.11 
6.05 
9.39 

19.87 

17.53 

2L08 

1&52 

3.37 
6.70 


I 


25.24 

46.35 
52.40 
61.79 
8L66 

99.19 

120.27 

138.79 

142.16 
147.86 


I 


147.86 
122.62 

101.61 
05.46 
86.07 
66.20 

48.67 

27.59 

9.07 

6.70 


I 
a 


I 


3,622.9 
3, 737. 8 

8.808.6 


Remarks. 


3,900.0 
4,268.3 

4,694.3 

4,634.0 

4,319.2 


4,447.5 


Three-company  post. 
Government  agency;  wood, 

water,  and  gracing. 
Town;  government  agency. 
Town. 

Wood,  water,  and  gracing. 
Stage-station;      water    and 

grazing  jfuel  scarce. 
Martin's  well :  government 

agency ;  good  grazing. 
€rovemment  agency ;    water 

in  tanks ;  good  grazing. 
Mexican  town;  govemmoit 

agency;  no  grazing. 
CrosHing  of  the  Rio  Grande. 
Good  grazing;  water  plenty. 


From  Aleman  to  Fort  MoRae.  16.93  miles. 

From  Fort  MoRae  to  Tooissaints,  12.36  miles. 

Road  follows  «ast  bank  of  Rio  Grande  and  crosses  river  at  ferry.    Fort  Craig  is  on  west  bank 
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From  Fort  Stanton^  X.  Mex,,  to  Fort  BHas,  Tex.—Atlaa-Bheet  No,  84. 


Distance  in  mUes. 

Altitude  in  feet  above 
sea-level. 

Between  consecu- 
tive points. 

1 

li 

i 
s 

Bemarka. 

Fort  Stanton 

160.67 
139.79 

121.61 
104.34 
7a  56 

47.76 

6, 151. 5 
6,49L0 

6,448.6 
4,357.5 
3, 88a  3 

4.37ao 

3.622.9 

Four-company  post. 
Government  agency;    good 
gracing. 
Do. 

I>owlin'8  Mill    

20.88 

iai8 

17.27 
25.78 

30.80 

47.76 

20.88 

39.06 
56.33 
82.11 

112.91 

160.67 

Blaair'sMill 

Tolaroaa 

Government  agency ;  town- 
Water     strongly    alkaline  ; 

poor  grazing ;  little  fuel. 
Government  agency;    good 

grazing.          ' 
Three-company  post 

WliiteSanda 

Shedd's  Banch 

FortBliaa 

White  Sands 

35.07 

laoo 

3,88a3 

4.2iao 
4.37ao 

San  Nicolas  Spring 

17.07 
18.00 

17.07 
35.07 

Good  water;  fuel  and  poor 

Shwld'^  Ranch ., 

grazing. 

Shedd's  Banch— 
FortSelden 

2a  62 
19.80 

Laa  Cruces 

[         •-     1 

List  of  koad-distances  between  prominent  points  meandered  by  party  no.  1, 

utah  section,  1878. 

Chico,  Cal.,  to  TaylorvQle,  Cal. 
Chico,  Cal.,  to  Sesma,  Cal. 
Sesma,  Cal.,  to  Pratt ville,  Cal. 
Orovilie,  Cal.,  to  Quincy,  Cal. 
Qaincy,  Cal.,  to  Taylorville,  Cal. 
Taylorville,  Cal.,to  Qnincy,  Cal. 
Red  Bluff,  Cal.,  to  Susan  ville,  Cal. 
Sosanyille,  Cal.,  to  Red  Bluff,  Cal. 

jFVoiii  Chico  to  Taylorvillef  CaL-^AiUusheeta  Nos,  47  C  and  A, 


Chioo,  post-office . 
Centerville 


Hnpp'sMUl 

Inskip 

Chapperal  Honae . . . . 
Butte  Creek  House. 

Longville 

Pratt\ille , 

Greenville 

Crescent  City 

Arlington  Bridge . . . , 
TaylorviUe , 


Distance  in  miles. 


I* 

9  > 

4« 


12.95 

9.55 
10.71 

aoo 

7.67 
11.63 
a67 
14.91 
4.98 
L30 
4.85 


3 

o 

B 
I 


12.95 

22.50 
33.21 
37.11 
44.78 
56.41 
65.08 
79.99 
84.97 
86.27 
91.12 


9L12 

7a  17 

6a  62 
57.91 
54.01 
46.34 
84.71 
26.04 
11.13 
a  15 
4.85 


I 
o 


5 


177.3 

502.5 

2,667.0 
4,80a3 
6,07a0 
5,75ai 
4,309.0 
4, 394. 1 
3,543.8 
3,306.0 
3,375.0 
3,i7&0 


Remarks. 


Via  Butte  Creek  road,  Pratt- 
viUe,and  Arlington  Bridge. 
Wood  and  water;   no  pas 


turage. 


Do. 

Do. 
Wood,  water,  and  pasturage. 
Toll-gate;  water;  pasturage. 
Town;  pasturage. 
Pasturage  near  town. 

DoT 
Pasturage,  wood,  and  watar. 

Do. 
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From  Chico  to  Tajflormlle,  Ckil,—Atlaa-9heets  Kos.  47  C  and  ^— <)ontmaed. 


DiBtaoce  in  miles. 


I 

I 


e5 


I 

I 


Bemarks. 


CUoo. 


Wdd's . 


Lomo 

Colby's 

Toll-gate 

Batte  Creek  Bridge . 

Prattville 

Green  vUle 

Dead&U  Bridge 

Taylorrille 


15.980 

13.566 

9.884 
a380 
&108 
7.418 
14.910 
9.730 
L860 


15.900 

29.546 
39.430 
47.  810 
55.918 
63.336 
78.246 
87.976 


89.826 


73.846 

44.300 
50.396 
42.016 
33.908 
26.490 
11.580 
L850 


177.3 


2.217.4 

3,847.8 
4.989.7 
5.426.6 
4,69L6 
4.394.1 
3,543.8 
3,426.0 
3, 479. 0 


Via  Chioo  Creek  toll-road, 
Prattville,  and  Deadfall 
Bridge. 
Wood  and  water;    no  pea- 
turage. 
Do. 
Wood,  water,  and  pastoragB. 
Do. 
Do. 
Town;  pastniage. 

Do. 
Wood,  water,  and  pastniaga. 
Town;  pasturage. 


From  Chioo  to  Setma^  Ckil—AtlassheeU  No8.  46  B  and  D. 


Distance  in  miles. 

11 

j 

1 

Bemarks. 

Chlco 

26.696 
14.558 

177.3 
242.1 

26ao 

Town. 

Phillip  Banch 

12.138 
14.558 

12.138 
26.696 

Banch;  wood  sctfoe;  water 

Senaa 

and  pasturage. 
Williamson's  store. 

From  Seema  to  PrattviliSf  Cal—Atlas-sheeta  Nos.  46  B  and  47  A. 


<fA-ma 

61.663 
17.653 

259.7 
4,51&1 
4,394.1 

Yla  Lassen's  old  trail;  aban- 

Deer Creek  Meadows.., 

44.000 
17.653 

44.000 
61.653 

doned  wagon-road. 
Junction   Deer   and    Lost 

Prattville 

C  reeks,  lower  end  meadows. 
Town. 
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FramOnmlle  to  Quinoy,  Cka.—AtUu'SkeetB  Nas,  47  Cand  A, 


Distance  in  mUes. 


I 

9 

I 


I 

-I 

r 

5i 


Bemarka. 


Orovill© 

Bidwell'sBar. 


9.500 


BerryCreck 9.096 

Junction  Honse 10.512 

Bockeye !    5. 


Bnck'8  Ranch  . 

Toll  eat© , 

Meauow  Valley. 

Spanish  Banch ., 

Qnincy 


13.368 
5.605 
2.380 

L932 

6.666 


9.500 

18.506 
20.108 
34.433 
47. 801 
53.406 
55.786 


64.384 
54.884 

45.788 
35.276 
29.951 
16.583 
10.078 
&598 


57. 718       &  666 
64.384 


187.5 
842.1 

1,887.2 
3,562.2 
4, 93&  0 
5,112.2 
5, 426.  6 
3. 757. 0 

3.036.0 

3, 381. 0 


At  Toll  Bridge  over  river. 
Good  water;  no  grass;  for* 

age  obtainable. 
Do. 
Da 
Stage  station. 
Good  pasturage  obtainable. 
Unfit  Tor  camping. 
Wood  and  water ;  forage  ob« 

tainable. 
Wood  and  water;  pasturage 

obtainable. 
Wood  and  water ;  forage  and 

pasturage. 


From  Quincy  to  TayUnrilley  Cal—Atlas-gkeet  Xo.  47  A. 


Distance  in  miles. 


Si 

1 

9  9 


Quincy. 


Shoo-fly  Bridse. 

Arlington  Bridgi 

Taylorville 


I 


12.90  12.900 
a  42  16.  320 
4.85  ,  2L170 


'^^Z 


Taylorville 15.30  |. 


21.170 


a  270 
4.850 


Bemarks. 


I 


3, 381     Forage  and  pasturage  obtain' 
ab^ 

and  pasturage  obtain' 


3,071 
3,375 
a  479 


3, 381     Via  old  toll-road. 
8, 479     Taylor's  Hotel. 


From  TayUyrville  to  Qnincy,  Cah-^Atlas-tiheet  No.  47  A, 


Taylorville 

*HoaseIkus'  Ranch . 
Floumoy's  Ranch. . 


a  875 
a966 


*Bagley'8  Ranch 11.500 

Crow's  Ranch 7.500 

Beckworth's  Store 9.400 

DeUmey's  Ranch 9.371 

Parker^s  Ranch I  la  2,56 

Qnincy ,  ia570 


Distance  in  miles. 


i 

^3 


I 

a 


'  81.438 

a  875     74.  563 
ia841  I  70.597 

22.341  I  59.097 
29.841  I  51.597 
39. 241  I  42. 197 
48.612  !  32.826 
64.868  ,  ia570 
8L438    


o 

^ 

el 

•«•    . 

It 

!l 

^ 

:s 

< 

3, 479. 0 

8.635.0 

5,387.0 

5.464  0 

4,887.2 

4.840.0 

4,135.7 

3, 381.  0 

Remarks. 


Taylor's  Hotel. 
Genesee  Valley. 
Pastnrage  and  forage  obtain- 
able. 

Do. 

Do. 
Forage. 
Pastarage. 

Do. 
Town. 


*From  Hosselkaa'  to  Bagky's  Ranch  the  distance  is  estimated  by  pacing. 
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From  Red  Bluff  to  SusanvilUj  Cal.^Atla»-4lmU  Xos,  46  B  and  A. 
Distance  in  miles. 


1^ 

i 


Red  Bluff 

Bellltfill 

87.229 

Battle  Creek  Meadows 

9.728 

•Tyler's  Kancb 

a  45.5 

•Willow  Creek 

10.250 

"Wanier  Creek  Brldfce 

1.470 

Forks  of  road  near  Martin's 

Banob 

6.500 

Forks  of  road  near  MitcheU'i 

1  Banch 

4.670 

Goodrich's  Banch 

Susan  ville 

12.365 
1&260 

s 


I 


37.220 
46.957  , 


55.412  , 
65.662 


67.141 
72,641 


.107.8 


70.707 
60.979 


52.524 
42.274 


40.705 
35.295 


77. 311     30. 625 


89.676  18.260  > 
107.936  , 


I 

a 


i 


2 

307.6 

8, 681. 2 
4,609.7 

4.  SOL  7 


Remarks. 


r 


4,826L2 
4,464.0 

4»713.4  ! 

4,883.0  ' 
4, 195. 0  I 


Bailroad  track  at  depot,  fkum 

railroad  profiles. 
No  feed;  wood  and  water. 
Toll-gate;  wood  and  water; 

Wpagturage. 
ood  aniTwater ;  paatnraffe. 
i  Wood  and  water;  no  pastor- 

I     ^^^ 
J>o. 
To  Prattville,  along  west  side 
Big  Meadows,  9.324  miles. 
I  To  Prattville,  along  ea4st  side 
Big  Meadows,  17.200  miles. 

Town ;  post-office. 


*From  Tyler's  Banch  to  Willow  Creek,  distance  estimated. 


From  SusaHville,  to  Bed  Bluffy  Cal—Atlas-8heet8  Sob,  47  ^  and  46  B. 


Distance  in  miles. 


u 

!i 
II 


SnsanvUle . 


*  Forks  road  (near  Stockton's  WW) 


Bridge  Creek . 
Pino  Creek  .. 
Canoe  Creek  . 


Loomis^  Banch . 


Ogbnm'e  Bench . . . 

tJollv's  Banch 

Red  Bluff  (via  ferry). 


7.185 

12.000 
10.000 
26.700 


20.724 

17.050 
27.464 
12.000 


7.185 

19.185 
29. 185 
55.885 


03.659 
121. 123 
133.123 


133.123 


113. 938 
103.  938 
77.238 


I 


0 


4, 195. 1 


6,036.4 

5,508.6 
5, 400. 1 
4, 277. 0 


56. 514  1    4, 356. 5 


39.464 
12.000 


2, 269. 5 
360.0 
807.6 


Bemarks. 


Via  Pine  Creek,  Canoe  Creek, 
and   Ogburu's    Banch   to 
Jelly's  Ferry. 
Wood,  water,  pasturage  at 

Stockton's. 
WoimI,  water,  grazing. 

Do. 
Wood,   water,    graeing  one 
mile  below  Junction  Lost 
and  Hat  Creek. 
W(nm1,  water,  pasturage    at 
Smith's,  distance  0.5  mile. 
Do. 

Town;  altitude  at  railroad 
depot. 


*  From  forks  of  road,  near  Stockton's  Mill,  to  Pino  Creek  the  distance  was  eistimated  by  pacing, 
t  From  Bed  Bluff  to  Jelly's  Koncb  popular  estimate  of  distance  given. 


List  of  road  distances  between  prominent  points  meandered  by  party  no. 

2,  UTAH  section,  1878. 

Bakersfield  to  Caliente,  Cal. 

Calieute  to  Twin  Lakes,  Cal. 

Caliente  to  Havilah,  Cal. 

Houlton's  Ranch  to  Loik)  Valley  Mines,  Cal. 

Kem  River  Bridge  to  Wilkes'  Ranch,  Cal. 

Little  Elizabeth  Lake  to  San  Fernando  Mission,  CaK 

Roberts'  Ranch  to  Weldon,  Cal. 

Tapo  Ranch  to  Hneneme,  Cal. 

Miwsellaneoas  distances,  California. 
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Distonco  in  miles. 


I 


3 
O 


Betnarkt. 


Bakersfleld. 

Fampa  .... 

Calielite 


16.48 


23.70 


Kailioad  station. 

Byroad.  Kograss;  nowood. 

iTo  trail,  via  the  cafion. 


From  Caliente  to  Tiain  Lakes,  Cal— Atlas-sheet  No.  73  A, 


Caliente 

Beale  Station. 


Soap  Creek... 
Tejon  Ranch  . 


McKenzie's  . 
Twin  Lakes... 


Distance  in  miles. 


1^ 


1.57 

15.16 

9.87 

11.16 
5.47 


1.57 

16.73 

28.70 

37.86 
43.33 


43.33 
4L76 

26.60 

16.63 

6.47 


it 
•si 

s 

5 


Remarks. 


Byroad.  On  the  Southern  Pa- 
cific Railroad. 

By  road  and  trail.    Water, 
wood,  and  grass  here. 

By  trail  Farming  and  graz* 
ing  country. 

By  road.    Tejon  Creek. 

By  trail.  Old  emigrant  camp' 
ing  ground.  Good  water 
and  wood ;  grass  scanty. 


From  Caliente  to  Havilah,  Cal, — Atlas-sheet  No,  73  A, 


Caliente 

Pampa . . 

Stark's  Ranch. 
Kern  River 


Mouth  of  Kern  River  Cafion. 

Oak  Creek 

Kerr  Creek 


Brpckenridge  Mountain. 
Havilah 


Distance  in  miles. 


g 

6  a 


12.37 
1.03 
9.84 


2.02 
4.42 
3.96 

9.63 
8.98 


5 


:i 


Remarks. 


'  62.25  ; 

12.37  I  39.88  ' 

13.40  

23.24 


25.26 
20.68 


26.99  I 


Tia  Kemville  stage  road. 

"Walker's  Basin  Creek. 

Mouth  Cottonwood  Creek. 
Barker's  Ranch,  1  mile  be- 
low. 


22.57    "Water  and  grass  scanty. 

1.64  I    18.61  ' Spring  of  water  J  mile  be- 


43.27 
62.25  I 


I     low  crossing  of  road. 
8.98   Jewitt*s  lianch. 


This  route  is  very  circuitous.  The  direct  road  from  Caliente  to  HaviliJi  and  Kemville  was  Hurveyed 
in  1875. 

From  Stark's  Ranch  to  Breckenridge  Mountain,  by  trail;  firom  Breckenridge  Mountain  to  Havilah, 
byroad. 
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f^rim  Houlton^B  Eanck  to  Lone  Valley  Mines f  Cal, — Atlas-sheet  No.  73  D. 


Distftnce  in  miles. 


li 


Hoaltoil's • 

Forks  of  the  Mojave 6.28 


BatUesnake  Spring 

Cox's  Cabin 

Green  Lead  Mining  Camp . 

Holoomb  Valley 

Bear  Valley 

Lone  Valley  Mines 


18.97 
8.78 
8.43 
7.62 
4.34 

10.33 


6.28 

22.23 
28.01 
82.44 
80.98 
44.30 
54.83 


i 

kl 


64.83 
49.37 


32.40 
2a  82 
22.19 
14.67 
10.33 


I 


i 


i 

5 


Bemarks. 


Large  gracing  ranch. 

By  road.    Bat  Uttle  grass  i 

water  and  wood  in  abond* 

ance. 
By  road,  to  the  left  of  the 

main  road. 
By  road ;  good  grasing,  water, 

and- wood. 
By  road ;  deserted  oow. 

By  road ;  placer  and  qoarts 
mines ;  small  settlement. 
I  By  road ;  mining  town :  for- 
I      age  may  be  purchased. 
'  By  trail;   no  grass;    water 
I      scarce. 


From  Kern  Biver  Bridge  to  Wilkes'  Manch,  Cal.— Atlas-sheet  No.  73  A, 


Kern  River  Bridge . 


Keysville 
Dahl< 


lonega  Hot  Springs  . 
Peso  Creek 


Month  of  Little  Poso  Creek. 
PosoFhit 


Wilkes'  Ranch . 


Distance  in  miles. 


P 


1.83 
10.19 


12.87 


3.04 
4.94 


4.85 


1.83 
12.02 


24.89 


27.93 
32.87 


37.52 


37.52 


35.69 
25.60 


12.63 


9.59 
4.65 


I 
ll 

5 


Remarks. 


Stage  crossing;  south  of 
Kemville. 

By  road ;  old  mining-camp. 

B  V  road  and  trail ;  on  Rem 
River. 

Poor  trail ;  month  of  Badger 
Galch. 

Trail. 

Trail ;  Gardet's  Ranch ;  culti- 
vated ground. 

On  the  county  road. 


From  Little  Elizabeth  Lake  to  San  Fernando  Mission,  Cal— Atlas-sheet  No.  73  C. 


Little  Elizabeth  Lake 

Forks  of  Cftstac  Creek  . 

Kewhall'H  Ranch 

Leighton*s 


Distance  in  miles. 


h 

I 
II 


19.38 
6.35 
7.04 


19.36 
25.71 
82.75 


Is 


45.08 

25.72 
19.37 
12.33 


Remarks. 


Entrance  to  Castac  Cafion; 
numerous  farms  here. 

No  trail :  via  Castac  CaRon. 

By  road;  SantA  Clara  River. 

By  road;  store  and  ranch; 
on  the  road  to  the  Pico  oil- 
wells. 


Digitized  by 


Google 
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From  Little  Elizabeth  Lake  to  San  Fernando  Missionf  Cal.y  j-c. — Continued. 


Distance  in  miles. 

at 

1-3 

1 

r 

o 
u 

Kemarks. 

Brooh  v's 

3;  54 

2.20 
L13 

4.10 
L86 

36.29 

3&49 
39.62 

43.72 
45.08 

8.79 

&59 
5.46 

L36 

Byroad;  grain  and  grazin|^ 

ranch. 
By  trail. 
Bv  trail  *    Southern  Pacific 

Snmintt  of  trail -^,,t ,,., 

S«n  Femiuido  Tnnnel  - .  ^  r  -.,.,.,- 

Lopez  Station 

lUilroad. 
Byroad. 
By  road ;  gardens  and  grain. 

ranches. 

Rab  Fernando  MiMion    . . .  ^  t 

From  Roberta  Ba 

nchto  ) 

¥eldon, 

C<a.—At1a8'Skeet  Xo,  73  A, 

Disti 

1^ 

mceinn 

liles. 

1 

l-i 

a 
3 
5 

• 

t 

Remarks. 

Roberta'  Kanoh 

52.14 
46.51 

40.28 
33.00 

20.72 

South  Fork  Kern  River. 

The  Canebralce ^ 

6.83 

6.23 

7.28 

12.28 
2L72 

6.63 

11.86 
19.14 

31.42 

52.14 

Ranch  here;  good  camping- 
ground. 

Snmmit.  Walker's  Paaa 

Coyote  Holes 

On  the  desert ;  stage  station ; 

water  plenty ;  fwd  scarce. 
Good  spring;  no  i^rass;  no 

wood. 
Farming  country. 

Bird  Sorinir 

Weldon 

Continuous  road  firom  Roberts'  Ranch  to  Weldon. 


From  Tapo  Ranch  to  Hueneme,  Cah — Atlas-sheet  JVo.  73  C. 


1 

Distance  in  miles.       i 

1 

1 

< 

t   ii 

■ll 

1 

S      ' 

s 

51.39   . 
44.25    . 
3L83   . 
19.88    . 
11.80 

Remarks. 

T'flTM>  TtAnch                     ...    ... 

Vineyard  and  cultivated 

Simi  Ranch 

7.14  \ 

7.14 
19.56 
81.51  i 
39.59 
51.39 

•  ground. 

By  road ;  country  devoted  to 
sheep-raising. 

By  road;  grain  and  sheep 
ranch. 

By  road ;  good  farming  coun- 
try. 

By  road ;  at  the  old  mission 

T jin  Pnnaa  Ranch    

1 
12.42 

Ilfi w  JenuAlfiin    .  ...•    ... 

11.95 

San  Bnenaventura. .....  ^ . . 

..*. ao8 



Hneneme....... ........  ••>.•• 

11.80 

church. 
Alouic  the  coast:   no  trail; 
harbor  and  wharves  here. 

134  E 

• 
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Mhcellaneoua  dUtanceSy  Calif ornia — Atlas-sheet  Xo,  73  C. 
Distance  in  niilefi.  ^ 

h 

I 


CAlln^niaH  ^inirh 

Conejo  Hotfl I      7. 61 


Remarks. 


Wine  ranch. 

Bv  road ;  in  the  Conejo  Val- 
ley; ffi-ain  and  grasing  In 
al>unaiinc6. 


&Sprinio'il]e 

C'onejo  Hotel 

I»fewberTV  Parle . 
I\[iira  Ranch 

The  Potitii-* 


15.81 
4.39 
1.97 
5.41 


'    27.58    I  Farming  country. 

15.81       11.77    ;  Byrtmd: 

20.20        7.88    By  road ;  oak  for«8ta. 

2-J.17        5.41    1  Byroad. 

27.58   ' By  roadj   large  and  fertile 

VaUey;  numerous  ranches. 


Mills  Rawli ' 

V^jar's  Kaach 9.17 


9.17 


9.17 


By  road,  tia  Triunfo  Creek- 


Mx^cellaneous  distanceSj  California — Atlas-sheet  Xo.  73  ('. 


Cion  Angeles 

Half-way  House . 


Santa  Monica 

Old  Santa  Monica 


^aata  Inez  Cafion 


•Lob  Angeles 

Sycamore  Grove . 


'^an  Gabriel  Mission . 
Roberts'  Ranch 


Dista 

nco  in  miles. 

1 

25     ' 

ii 

> 

~t 

n ' 

1   i   1 

1 

&  i 

1      1 

5 

Remarks. 


20.22  I , 

9.24        9.24  I    10.98   Byroad;  pn  the  Santa  Mon- 

'I  I  icaroad. 

16.16        4.06   1  Byroad:  summer  resort. 

17.96  j      2.26    'Along  the  roast;  mouth  of 

Santa  Monica  Creek. 

20.22  I I I  Along  the  coast;  no  lerass; 

water  poor ;  wood  scarce. 


6.92  I 
1.80  ! 


2.26 


4.03 


4.03 


"Winston  Silver  mines 

Porks  of  San  Gabriel  Creek . 
:8an  Gabriel  Mines r  •  • 


^euth  of  Cattle  CaJitm 
The  3?arrow8 


13.  52  ,  13.  52 


3.44 
5.76 
2.21  I 

2.81 

5,35 


16,96 
22.72 
24.93 

27.74 

33.09 


4.03 

33.00 



19.57 

16.13 

1 

10. 37 

8.16 

5.35 

1 

! 

By  road ;  pic-nic  grounds  in 
"the  Arroyo  Seco. 


Br  road ;  month  of  San  Ga- 
briel Cafion. 
rBy  road;   feed  in  San  Ga- 
briel Cafion  very  scarce; 
{     scanty   bunch    grass    in 
places;   wood  and  water 
[     abundant. 
I  By  road ;  cattle  range  in  this 
cafion ;  good  trout-fishing. 
By  trail ;    cafion  impassable 
farther. 
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1 
s 

. 

ll  . 

|i ! 

ie    ! 

1 

1 

?3 

g 

& 

1 

1 

5 


Bemarks. 


Kincaid's  Ranch I | '      4.06    Month  of  San  AntonioCaBon. 

TheFalU ,      4.06!      4.06   Ciene£a  at  the  foot  of  the 


rapidtt. 


$£a 


Kincaid's  Ranch. 
Cncamonga  . . . 


San  Bernardino. . 


24.62 

6.40    '    18.22 


18.22      24.62 


Fruit  and  grain  ranch. 

By  road;    large    vinejards 

nere. 
By  road;  town. 


Forks  of  Santa  Ana  River . 


Fish-pOnd  Ranch '      5.80  , 

Mountain  Home ;      5.83 


Forsee's  Ranch . 


5.02  , 


16.65, Grass  very  scarce;  meadow 

I  a  few  miles  above. 

5.80      10.85    '  By  traU;  Good  grazing  here. 

1L63        6.02   ,  By  trail;  summit  of  pass;  no 

'  .    feed;     wood    and    water 

I  abundant. 

ia65   ' I  By  trail:  on  MiU  Creek. 


MiBceUaneous  distances,  California. — Atla9'»heet  Xo.  73  D. 


San  Bernardino * 

Devil's  Cafion  Toll-house. 

Summit    

Clipper  Sawmill 


Distance  in  miles. 


Si 

ll 

is 


I 

I 


-  I 

'  ll 

«  k 

B 


Remarks. 


7.86 
4.04 
0.78 


12.68  ; 

I  By    road;    good    camping- 

7.86        4.82    ground. 

11.90  !        .78    Byroad. 

12.68   By  road;  road  from  here  to 

I  Honlton's  Ranch. 


Summit 

Fiddler's  Tannery. . 

Whiskey  Johnny's . 

Little  Bear  Valley... 


4.60 
4.69 


11.86     ; 

7.17   Old  road;  wood,  water,  and 

grass. 
0.38        2.48 Old  road;  summit  of  toll-road. 


4.69 


2.48      1L86   By  road:  large  grazing  area; 

«aw-mills  here. 


Waterman's  Hot  Springs i 16.66 

San  Bernardino !      &08 

Colton 3.24 

Riverside I      7.34 


6.08 
».32 


10.58 


for 


andirrain 
invalids. 


.34    'Railroad    station    for    San 

I      Bernardino. 
16.66   Orange-growing  region. 


List  of  distances  between  prominent  points  meandered  by  party  no.  2, 

california  section,  1878. 

Camp  Bidwell,  Cal.,  to  Fort  Klamath,  Oreg. 
Fort  Klamath,  Oreg.,  to  Warm  Spring  Agency,  Oreg. 
Warm  Spring  Agency,  Oreg.,  to  The  Dalles,  Oreg. 
The  Dalled,  Oreg.,  to  Lower  Cascades,  Oreg. 
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The  Dalles;  Oreg.,  to  ferry  at  Grant's  Landing,  and  thence  to  Tygh  Valley,  via 
Shear's  Bridce,  Oreg. 
Warm  Spring  Agency,  Oreg.,  to  Camp  Bidwell,  CaL 
Oak  Grove,  Oreg.,  to  Toll-gate  Well  of  Mount  Hood,  via  new  grade. 
Snmmit  Prairie,  near  Mount  Hood,  to  Tygh  Valley,  via  Barlow's  Toll-gate. 


Old  Camp  Wateon,  Oreg.,  to  Camp  Bidwell,  Cal. 
The  DaUes,  Oreg.,  to  Old  Camp  Wi 
Camp  BidweU,  Cal.,  to  Reno,  Nev. 


The  Dalles,  Oreg.,  to  Old  Camp  Watson,  Oreg. 
Camp  BidweU,  Cal.,  to  Reno,  Nev. 

From  Camp  Bidwell^  Cal,  to  Fort  Klamath,  Oreg.—Atlaa^heet  Xo,  36  A  and  B,  and  29  C. 


Distance  in  miles. 


!      0 

,  il 

■  s*^ 
,  I" 


as 

es  o 


i 
I 


I 


a 


I 


-.3 


Remarks. 


Camp  BidweU 1 1 \  145.8 

WUlowBancb 16.89,    16.89  '  128.91 


•I 


Lake  View . 


Pbelp's  Ranch. 
Prine*8  Ranch. 


Yainax. 


Klamath  Agency. 
Fort  Klamath , 


19.21  !    36.10 


20.34 
28.39  I 


56.44 

84.83 


16. 34     101. 17 


109.70 


89.36 
60.97 


44.63 


38. 53     139.  70  I      6. 1 
16. 1       145. 8 


Two-company  post. 

Small  settlement;  water, 
wood,  and  grass. 

Small  town;  United  States 
Land  OiBoe;  water,  wood, 
and  grass. 

Water,  wood,  and  grass. 

Good  grazing,  water,  and 
wood. 

Snb>agenoy  for  Klamath  In- 
dians;   water,  wood   and 


grass. 
TVliter,^ 


ater,  wood,  and  grass. 
Two<company    pMt;     good 
grazing;  water  and  wood 
in  vicinity. 


From  Fort  Klamath  to  Warm  Spring  Agency,  Oreg, — AtlassheetB  X08,  29  C,  29  .<!,  and  20  C 


Distance  in  miles. 

AlUtude   in  foet   above 
sea-level. 

p 

1 

1 

1 
Remarks. 

Fort  Klamath 

202.25 

196.15 
184.45 
161.60 
139.96 
122.86 

101. 12 
87.22 
71.42 

45.58 

30.48 
19.65 
5.92 

2.31 

4.108.4 

"4*387.*  0' 
4,552.6 

4. 782. 6 
4,258.2 

4.081.1 

4. 123. 7 
3, 620. 9 

2,736.2 
2,443.4 

Two-company  post;   water, 
wood,  and  gt-ass  in  vicinity. 

Klamath  Agency.......... 

6.1 
11.7 

22.85 
21.64 
17.10 

21.74 
13.90 
16.80 

25.84 

15.1 

10.83 

13.73 

3.61 
2.31 

6.1 
17.8 
40.65 
62.29 
79.39 

101. 13 
115.  03 
130.83. 

156.67 

171.77 
182.60 
196.33 

199.94 
202.25 

Williamson  River 

Good  water,  wood,  and  grass. 
Do. 

Big  Springs 

Corral  Springs 

Do. 

Little  Meadows,  on  East  Fork  of 

Des  Chutes. 
East  Fork  of  Des  Chntes 

Good .  grazing,    water,    and 
wood. 
Do. 

Big  Meadows ,.. r.... 

Do. 

Farewell  Bend 

Good  grazing,  wood,  and 
water  off  the  road;  rancli 
taken  up  near  road  and 
fenced  in. 

Poor  grazing;  a  little  wood; 
water  good ;  forage  can  be 
bought. 

Water,  wood,  and  grass. 

Carmical's,  on  Crooked  River 

Lnera  Ranch 

Sheep  Rancli 

Lodge  Pole  Creek 

scarce. 
Grass  and  wood  scarce. 

Des  Chutes  Ferry 

"Warm  Sprini;  Acekcv 

1,573.9 

Wood  scarce;  grass  on  hills 
in  vicinity. 
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From  Warm  Spring  Agency  to  The  DaUes,  Oreg-^AtliM-eheeU  Noe.  20  C  and  20  A. 


Distance  in  miles. 


Warm  Spring  Agency . 


u 

n 

u 


Ml 


Keenee  Spring  . 
OakGroTo 


Tygh  Valley . 


Fifteen-mile  Creek . 
The  Dalles,  Oregon . . . 


20.45 
6.25 


15.76 


17.00 
14.79 


20.45 
26.70 


42.46 


59.46 
74.25 


74.25 


53.80 
47.55 


3L79 
14.79 


i 


•"1 


1,513.9 

2.914.2 
2,414.5 


1,266.7 
134.7 


Remarks. 


Wood  scarce;  grass  on  hills 

in  vicinity. 
Oood  water;  wood  and  grass. 
Small  settlement;    water, 

wood,  and  grass. 
Settlement;  forage  has  to  be 

bought 
Do. 
Large    town    on    Columbia 

River. 


Distances  estimated  to  Fifteen-mile  Creek. 


From  The  Dalles  to  Lower  Cascades^  Oreg,^ Atlas-sheet  No.  20  A, 


Distance  in  miles. 


S 


I   s 

i   '^ 


H    -SI 
i    '  i 


B 
2 

5 


Remarks. 


The  Dalles 

Mosher  Creek . 
Herk's  Ranch . 


Hood  River  . 


Hood  River  Post-office . 

Hotel 

Upper  Cascades 

Lower  Cascades , 


13.01 
5.70 


4.39 


0.51 
0.6 
20.89 
4.95 


13.01 
18.71 


23.10 


23.61 
24.21  I 
45.10 
50.05 


50.05 
37.04 
3L34 


26.95 


26.44 

25.84 

4.95 


134.7 


260.0 


126.6 


Large  town. 

Water,  wood,  and  grass. 

Grass  scarce;    water     and 

wood;  forage  can  be  pnr> 

chased. 
Ranch;  grass  scarce;  water 

and  w<x>d ;  forage  can  be 

purchased. 
Ranch. 

No  grass ;  water  and  wood.    ' 
Good  grass;  wood* 
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From  The  Dalles  to  Ferry  at  GranVa  Landing ,  and  thence  to  Tygh  Valley  via  Sheaths  Brtdge^ 

Oreg,^ Atlas-sheet  Xo,  20  A. 


The  Dalles 

Five-mile  House. 


Fifteen-mile  Creek 

Bridge    over  DesChates   River, 

near  Celilo. 
Ranch 


Sprincs   in   ravine  near  Grant's 

Lanuing. 
Eaton's  Ranch  Post-office 


Bamnm's  Ranch  . 

Shear's  Bridge  . . . 

Tygh  Valley 


Distance  in  miles. 


ft 

r 


6.55 

5.10 
5.62 

10.19 
L21 
&8 

11.32 

26.54 
7.59 


& 

H 
S 

I 


6.55 

11.65 
17.27 

27.46 

28.67 

37.47 

48.79 

77.33 

84.82 


tc 

H 


84.82 
77.27 


72.17 
66.55 

56.36 

55.15 

47.35 

36.03 

7.49 


a34.7 


165.8 


1, 795. 2 
2,006.0 
1,088.8 


Remarks. 


Large  town. 

Junction  of  Bight  and  Five 
Mile  Creeks;  coontrycMber 
barren ;  no  wood. 

Grass  scarce ;  no  wood ;  ranch. 

Ranch;  no  wood ;  erass  scarM; 
forage  for  sale  bere. 

Water  and  grass;  wood  very 
scarce. 

Good  water;  grass  and  wood 
scarce. 

Grood  gracing  and  water;  no 
wood. 

Grass  vallev;  no  wood;  good 
water  ana  grass. 

No  wood;  grass  scarce;  for- 
age can  fa^  purchased. 

Settlement:  rorage  has  to  be 
purchased ;  some  grazing 
on  hills  surrounding  settle- 
ment. 


From  Warm  Spring  Agency ,  Oreg,y  to  Camp  BidweJl,  Cal, — Atlas-sheets  Xos,  89  J,  38  J?,  20 

C,  and  29  C. 


Distance  in  miles. 


n 


Warm  Spring  Agency i , 

Lodge-pole  Creek 5.92 

Willow  Creek 20.72 

Prineville ,  21.02 

Green's  Ranch I  25.90 

Waterhole I  12.8 

Langton's  Ranch |  17.71 

Button's  Ranch i  22.9 


Durand's  Ranch  (Silver  Lake) 

Parton's  Ranch  (Summer  Lake) . . 
Miller's  Ranch  (Summer  Lake) . . . 

Chewaucan 

Moss's  Ranch 

Saw-mill 


19.9 
15.91 
17.31 

8.93 
11.67 

9.52 


Lake 'View 17.87 

Cottonwood  Creek'. i    18.7 

CampBidwell I    n.31 


..!  26ac 


5. 92     262. 17 


26. 64     23L  45 
47. 66     210. 43 


73.56 


104.07 
126.97 


146.87 
162.78 
180.09 
189.02 
200.69 
210. 21 

228.08 

246.78 

258.09 


184.53 
171. 73 


154.02 
131. 12 


111.22 
95.31 
78.00 
69.07 
57.40 
47.88 

30.01 

11.31 


2 


1, 513. 9 

1,648.3 

3. 079. 6 
2, 899. 0 

4. 479. 0 


5,162.9 
4,236.7 


4, 312. 0 
4, 497. 6 
4, 420. 3 


4.827.8 


4, 851. 0 
5,228.9 
4, 647. 0 


Remarks. 


Wood  scarce;  grass  on  hills 

in  vicinity. 
Good  grass  and  water;  wood 

scarce. 
Water,  wood,  and  grass. 
Large  town;  forage  can  be 

purchased;  wood  and  grass 

on  hills  in  vicinity. 
Water,  wood,  and  grass. 
No  wood;  good  grass;  water 

in  deep  hole. 
Water,  wood,  and  grass. 
Wood,  none;   water,    good; 

grass,  scarce;  forage  can 

be  purchased. 
Forage  has  to  be  purchased. 
Water,  wood,  and  grass. 
Do. 

Forage  has  to  be  purchased. 
Grass  and  water  on  hills  in 

vicinity. 
Settlement;  U.  S.  land-office ; 

water,  wood,  and  grass. 
Plenty  of  good  water,  wood, 

and  grass;  new  grade. 
Two-company    post ;     new 

grade. 
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FnnH  Oak  Grove  to  Toll-gate  toest  of  Mount  Hood,  Oreg,,  via  new  grade, — Atlas-Bheet  Xo^ 

20  A, 


Difltoace  in  miles. 


Oak  Grove I    49.22 


,    is 

i    ■ 

H 

C       1 

= 

1 

1 

i 

I 

I 


KamasPrairle 17.5    I 

BlgPrairie '    12.71 


17.5 
30.21 


3L72 
19.01 


*Saiimiit  Prairie  . 


8.3 


38.51  1    10.71 


tGoTenunent  Camp i     2.27 

Toll-gate,  foot  of  range i      8.44 


4a  78  ' 


&44 


6 

I 


Remarks. 


2, 4 14. 5    Settlement ;  grass,  wood,  and 

water. 
3, 019. 8     Water,  wood,  and  nass. 
8.334.8  I  Water,    wood,    ai:^    grass; 

'      rather  swampy. 
3, 604. 2    Station ;  forage  can  be  bought; 
some  grass  on  meadows  near 
there. 

Water,    wood,    and    grass; 

I  rather  marshy. 

40.22 Wood    and    water;    forage 

I  most  be  bought. 


*From  this  place  only  the  ascent  of  Mount  Hood  is  poMible. 

tOeod  grass  can  be  fonnd  on  slope  of  Mount  Hood,  about  1.5  miles  northeast  of  government  camp. 


From  Summit  Prairie,  near  Mount  Hood,  to  Tifgh  Valley,  via  Barlow  Toll-gate. — AtloB- 

sheet  No,  20  A, 


Distance  in  miles.  tj:         < 

' ,  i 

f   5      ■  -          i'    ■  t^     I 

g^     '     Sa;          >  c^      I                  Remarks. 

It    «l     -a  -^i  I 

!  is-  ,  I        I    I  ^ 
\S     J i   g       < ' 

*  Summit  Prairie  ^ ! 39.04  3,694.2    Station;  forage  can  be  bonght; 

I                            ;              '  grass  on   some    meadowa 

'               1  near  by. 

WhiteRiver 1L64  |    11.64      27.40  3,000.3  ,  Wood  and  water ;  grassrather 

:                                          ,  scarce. 

Barlow    Toll-gate   or    Stricklin's      14.52      26.16  '    12.88   Water,    wood,    and    grass; 

Ranch.                                            I  ranch. 

Tygh  Valley 12.88      39.04   1,UL 4    Settlement;  forage  must  bo 

I               I               I  ;     purchased. 

*From  this  place  only  the  ascent  of  Mount  Hood  is  possible. 
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From  Old  Camp  Watwn^  Oreg.y  to  Camp  BidweU,  ral^Atlassheeis  Xos.  202),  29  ^,  29  D 

and  38  B. 


DisUnce  in  mile*. 


1^ 

!i 
I 


A. 

s 


f 


0U    . 


Old  Camp  Watson 

HcNeal'fl  Ranch 

Old  MUiUry  Road 

Small  Prairie 

Summit  Prairie." '. .*.".' '." '. .... 

Ranch,  Paulina  Valley 

Prineville  and  Harney  Road. 
ITolf  Creek  (»ettlement)  .... 


Ranch  (Beaver  Crf«1c.  near  month 
of  Grindstone  Creek ) . 

Big  Spring 

Ranch 


Prineville  and  Harney  Road  

Spring,  head  of  Grindstone  CrM>k. 
Dillard  6l  Renshaw's  Ranch, 
Twelve-mile  Creek.  I 

Forks  of  road,  near  month  of  Long 
Hollow. 

Spring  in  Long  Hollow 

Spring  near  head  of  Long  Hollow  . 

BuckCreek 

Forks  of  road , 

Alkali  Flat ' 


CampCurnr 

Bernard's  Battle  Ground . 

Hoakin's  Ranch 

Harney  Lake  Valley 

Hamey  Road 

Warm  Spring 

Buzzard  ('afion 


Mule  Spring 

North  end  Warner  Valley. 


Fork  of  roads 

Do 

Do 

Do 

Honey  Creek 

Jones'  Ranch 

Fork  of  roads 

Wallace's  Ranch.  Deep  Creek 

Twenty-mile  Creek,  south  end  of 

Warner  Valley. 
Fork  of  road,  Twelve-mile  Creek. 

Do  

Eight-mile  Creek 

Lake  Annie 

CampBidwell 


4.00 
5.56 
1.30  , 
5.50 
4.55 
13.20 
3.55 
2.90 

3.4d 

3.8M 
1.00 

4.50 
1.35 
4.86 

L90 

a85 

3.70 

2.10 

2.55 

7.30 

-    2.00 

12.86 

11.44 

1.79 

6.9R 

0.02 

11.43 

24.08 

4.60 

7.09 

7.20 

18.23 

2.25 

0.35 

1.15 

3.15 

13.65 

&30 

9.55 
0.35 
5.41 
3.12 
4.67 


243.27    

4  00 

239.27    

0.56 

233,71    

10.86 

232.41    

16.36 

226.91    

20.01 

221.36    

34.11 

208.16    

37.66 

204.61 

40.56 

201.71    

44  01 

198.26     

47.80 

104.38    

40.70 

192.48    

54.20 

187.08    

55.64 

186.63    

60.50 

18L77    

62.40 

179.87    

6&25 

17a02   

60.05 

172.32    

72.05 

130.22    

74.60 

167.67    

81.00 

160.37    

84.80 

157.47    

07.66 

144.61    

100.10 

133.17    

110.80 

13L38    

117.87 

124.40    

118.79 

123.48    ..' 

130.22 

118.05    

155.20 

87.07    

100.80 

82.47    

167.80 

75.38    

175.00 

68.18    

103.32 

40.05    

195.  57 

47.70    

195.92 

47.35    

197.07 

46.20    

200.22 

43.05    

213.87 

20.40  , 

220.17 

23.10  ! 

229.72 

1 
13.55  i         .  .. 

230.07 

18.20  , 

235.48 

7.70    

238.60 

4.67    

243.27 

Remarks. 


Good  water  and  grass. 

Good  water  and  grass. 
Do. 
Do. 
Do. 

Good  water;    feed   can  be 
bought. 

Good  water  and  grass. 
Good   water;    feed  can  be 
bought. 

Good  water  and  grass. 
Water  and  grass. 


Good  water  and  grass. 
Do. 
Do. 


Good  water  and  grass. 

Da 

Da 
Good  grass.  ^ 

Good  water  and  grass. 
Water  and  graas. 
Good  water  and  grass. 


Good  water  and  grass. 
Da 

Good  water  and  grass. 
Do. 

Do. 
Do. 
Do. 

Tow^  and  post;  two  c^mpft- 
nies. 


Distances  are  by  estimation,  meander  with  odometer,  and  popular  ralnes. 
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From  T%e  Dalles  to  Old  Camp  Watson,  Oreg,— Atlas-sheets  Xos,  20  A,  20  B,  and  20  D. 


TboDallea 

Three-mile  Creek 

Five-mile  Creek * 

Eight-mlle  Creek 

Forks  of  road 

Fifteen-mile  Creek 

Dry  Creek 

Kaoicb  and  Spring 

Tygh  Hills 

Shear's  Bridge,  Deschutes  Post- 
oflBoe. 

Solt^ring 

Bake  Oven 


Cross  Hollows 

Antelope  Post-office 

Forks  of  road 

Spring 

Currant  Creek  Station 

Kanch  month  of  Muddy  Creek 

Cherry  Creek 

Mouth  of  Cherry  Creek,  John  Day 

River. 
Burnt  Ranch  Station 


Mouth  of  Bridge  Creek  . , 
Bridge  Creek  Post-office . 


Ranch  Alkali  Flat 

Settlement  forks  of  road. 

Ranch,  Stase  Station 

Mountain  House 

McNeal's  Ranch 

Old  Camp  Watson 


Distance  in  miles. 


§2 
II 


2.50 
3.00 
2.05 
1.70 
2.10 
1.15 
9.55 
2.75 
4.40 

a  75 
ia25 

&00 
6.75 
2.75 
1.05 
S.S5 
3.70 
7.50 
1.05 

4.75 

0.71 
5.59 

5.43 
4.77 
2.50 
6.35 
L75 
4.00 


I 


2.50 
5.50 
8.45 
10.15 
12.25 
13.40 
22.05 
25.70 
30.10 

38.85 
49.10 

57.10 
63.85 
06.60 
67.65 
74.30 
7a  00 
85.50 
86.55 

91.30 

92.01 
97.60 

103.03 
107.80 
110.30 
116.65 
118.40 
122.40 


§ 


122.40 
119.90 
116.90 
113.95 
112.25 
110.15 
119.00 
109.45 
96.70 
92.30 

83.  f  5 
73.30 

65.30 
58.56 
55.80 
54.75 
48.10 
44.40 
36.90 
35.85 

3L10 

30.39 
24.80 

19.37 
14.60 
12.10 
5.75 
4.00 


s 


Remarks. 


Good  water  and  grass. 
Do. 
Do. 

Good  water  and  grass. 
Do. 
Do. 


Good  water; 
bought. 


feed    can  be 


feed    caa  be 


Good  water 
bought. 

Do.' 
Good  water  and  grass. 
Do. 
Do. 
Do. 
Do. 
Do. 

Good   water;    feed   can   be 
bought. 

Good  water;  forage  can  be 
boiigbt. 

Do! 
Good  water  and  grass. 
Do. 
Do. 


Distances  are  by  estimation ;  meander  with  odometer  and  popular  values. 


From  Camp  Bidwell,  Cal,  to  Reno,  Nev,— Atlas-sheets  Nos.  38  5, 38  D,47  B,  and  47  D, 


Camp  Bidwell . 


LakeCltv 

Ccdarville 

Eaf^ville 

Bare's  Ranch.. 

Forks  of  road . 


Clark's  Ranch. 
Spring 

ilo  Station . 


Remarks. 


16.32 
&65 
15.90 
1L72 


16.32 
24.97 
40.87 
52.59 


2.87  i 
16.04  ! 
13.06  I 


&  42  1    6L  01 


63c^ 
79.92 
92.98 


190.42   Town  and  post;  two  oompa> 

,  nies. 

174.10   1  Smalltown. 

165.45  1 1  Do. 

149.55   1  Post-office  on  Eafide Creek. 

137.83   South  end  Surprise  Valley; 

on  Silver  Creek. 

129.41 !  Road  to  Yuledad  and  Cold 

;      Spri|)g. 

126.54  ' Good  water  and  feed. 

110.50  ' I  Water  and  grass. 

97.44    i  Do. 


Digitized  by 


Google 


2138 


REPORT   OF   THE   CHIEF    OF   ENGINEERS. 


From  Camp  Bidwell,  CaL,  to  BenOyNev.,  ^c. — Continued. 


DUUnce  is  milea. 


S4 


Buffalo  Salt  Works  (Murphy's) .....  14. 73 

Sheep  Head '  7.56 

Fish  Spring ;  27.55 

Newcomb's  Ranch 9.»8 

Giles'  and  Bio kford'a  Ranch i  2. 15 

Winters  Ranch '  0  SO 

Yule  Frank's 1.57 


Chapman's 0.70     158.02 

WarmSpring 8.<W     16C70 


Junction  House . 


Deep  Wells 

Forks  of  road  near  Quartz  Mill  .... 


Reno. 


Remarks. 


Very  had  water;  to   Deep 

Hole  22.M  mUes. 
Good  water;  forage  can  be 

bought. 

Do! 
(Jood  wat4»r. 
Good  water  and  grass. 
Good  water;   forage  can  be 
bought. 

Good  water  and  grass;  near 
head  of  Winnemucca  Val- 
ley. 

Gooid  water;  forage  can  be 
bought. 

North  edge  Truekee  Mead- 
ows. 

Town ;  sUtioQ  C.  P.  and  V. 
and  T.  Railroads. 


HOTE. — The  distance  from  Deep  Wells  to  Reno  here  ^ven  is  via  the  new  road.    By  the  road  traveled 
generally  the  distance  is  2.63  miles  greater. 

Lists  of  dlstances  between  important  points  on  roads  meandered  by  parties 

NOS.  1  and  2,   CALIFORNIA  SECTION,  DUliING  FIELD-SEASONS  lrJ7^79. 

Chinese  Camp  to  Yosemite  Valley,  via  Big  Oak  Flat  road. 

Oakdale  to  8nelliug. 

Snelliug  to  Merced. 

Snelliug  to  Yoseinite  Valley,  via  Coulterville  road. 

Merced  to  Mariposa,  Cal. 

MariiK)sa  to  Yosemite  Valley,  via  Mariposa  road. 

Barnard's  Hotel  to  various  poiuts  in  the  Yosemite. 

Bower  Cave  to  Black's  and  Heunessy's  Bridge. 

Hites'  Cove  to  Yosemite  Valley. 

Fresno  Flat  to  Clark's  (via  the  Madera  road). 

Fresno  Flat  to  Crane  Valley. 

Snelling,  Cal.,  to  Lasrange  and  Thompson's  Ferry. 

Lagrange  to  Merced  Falls  and  Cunningham's  Ranch,  on  old  Fort  Miller  road. 

Mariposa,  Cal.,  to  Le.wis'  Ranch,  Cal.,  via  Moore  Hill  road. 

Mariposa,  Cal.,  to  Bear  Valley,  Cal. 

Homitos  to  Merced  via  Indian  Gulch  and  old  Fort  Miller  road. 

Homitos  to  Bear  Valley. 

Hornitos  to  Redman's  Ranch,  Cathey's  Valley,  Cal. 

Cathey's  Valley,  Cal.,  to  Merced,  Cal. 

Thompson's  Ferry  to  Crimea  House. 

Knight's  Ferry  Bridge  to  Chinese  Camp. 

Knight's  Ferry  Bridge  to  Bymes's  Ferry  and  Copperopolis. 

Roberts's  Ferry  to  Knight's  Ferry  Bridge. 

New  York  Tent  to  S<mora,  Cal, 

Sonora  to  Jacksonville,  Cal. 

Bridgeport,  Cal.,  to  Mountain  House,  Cal.,  via  canon  West  Walker  and  Coleville. 

Bridgeport,  Cal.,  to  Mountain  House,  via  East  Walker  River  road. 

Sonora,  Cal.,  to  San  Andreas,  Cal. 

Sonora,  Cal.,  to  Milton,  Cal. 

Sonora,  Cal.,  to  Northnip's,  Cal.,  on  Sonora  and  Mono  road. 

Northrup's,  Cal.,  to  Bridgeport,  Cal.,  via  Sonora  and  Mono  road. 

'^arson,  Nev.,  to  Volcano,  Cal.,  via  Amador  and  Nevada  wagon-road. 


Digitized  by 


Google 


APPENDIX   0  0. 


2139 


Carson,  Nev.,  to  Murphy's,  CaL,  via  Silver  Mountain  and  Big  Tree  road. 

Calaveras  Grove  to  Murphy's,  Cal. 

Murphy's,  Cal.,  to  Sonora,  Cal. 

West  Point,  Cal.,  to  Calaveras  Grove. 

Antelope  Spring  to  Volcano,  via  Antelope  and  Pine  Grove  Turnpike. 

Hite's  Cove  to  Mariposa  road. 

From  Chin€9€  Camp,  via  Big  Oak  Flat  Road,  to  Tosemite  Valley,  CaL-^Jtlaa-sheet  Xo.  56  D. 


Chinese  Camp  Post-office. 

Noll'sRanch 

Jack8<Hiyille 


FroitBanch. 


Stevens  Bar  Ferry . 
Culbertaon's 


Priest's  Hotel 

Big  Oak  Flat 

Groveland 

Brewery 

2dGaiTotU 

Divide 

Sprague's  Ranch . 
Gravel  Kange  .... 

Big  Flame 

Collifcx. 


Crossing  South  Fork  Tuolumne  . . . 

Hardin^ 

Crossing  South  Fork  Tuolumne . . . 
Hodgdon's 


Tuolumne  Grove . 

Crane  Flat 

Tamarack  Flat... 


Gentry's  (deaertedK 

Junction  Big  Oak  Flat  and  Coul- 
terviUe  roads. 
Barnard's  Hotel .. 


Dlstuice  in  miles. 

1 

•ft 

1  & 

2 

i 

Altitude  in  feot  a 
sea-levuL 

Remarks. 

■ 

62.45    . 
60.98 

**'i*299* 

Mining  town. 

.      L47 

L47 

1      2.71 

4.18; 

6a27 

602 

Mining  town  on  Tuolonme, 
near  mouth  of  Wood's  Cr'k. 

1.03 

5.21 

57.24    . 

Keith's  orchard   and  vine- 

1.24 

6.45 

t 
56.00 

614 

yard. 
Over  Tuolumne  River. 

3.45 

9.90 

52.55 

980 

Moccasin  Vineyard  on  Moc- 
casin Creek. 

2.21 

12.11 

50.34 

2,5.'>8 

Stage  station. 

1.07 

13.18 

49l27 

2,823 

Mining  town. 

2.24 

15.42 

47.03  ' 

2.828 

Formerly  1st  Garrotta. 

,      082 

16.24 

46.21 

2,838 

1      L33 

17.57  ' 

44.88 

2,857 

Mining  vilUge. 

1.83 

18.90 

43.55 

3,136 

3.64 

22.  M 

39.91 

2,950 

1      2.96 

25.50 

36.95  ; 

2,987 

Hydraulic  mines. 

1      1.62 

27.12  i 

35.33  t 

2,982 

1.95 

29.07 

33.38 

3,022 

Toll-gate. 

0.93 

30.00  , 

32.45 

2,654 

Bridge. 

4.39 

84.39 

28.06 

3,396 

Large  ranch. 
Bridge. 

,      1.37 

35.76  1 

26.69    . 

5.34 

41. 10  1 

21.35  t 

4,506 

■ 

Bronson's  meadow;  stage 
station;  wood,  water,  and 
forage;  Hazel  Green  by 
traiT  2.88  miles. 

Opposite  the  Dead  Giant  or 
Tunnel  Tree. 

4.44 

45.54  ! 

16.91  ] 

1 

5,794 

1.00 

46.54 

15.91  ' 

6,054 

Public   bouse.     To   Hazel 
Green  by  road,  4.76  miles. 

5.07 

51.61  , 

10.84  , 

6,234 

Wood  and  water;  grasa 
scarce. 

2.81 

54.42 

8.03  . 

5,627 

Old  public  house. 

4.37 

58.79  1 

3.66   . 

Tosemite  Valley. 

3.66 

62.45 

3,851 

Yosemite  post-olfice. 
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From  Oakdale  to  SnelUng,  Cal—AtUu-theet  yo,  56  D. 


Distance  in  miles. 

1 

9 

5 

1 

1 

Oakdale i 

3L46 
29.23 
2L85 
15.85 

14.71 
10.90 

10.34 
6.83 
4.33 

149 
215 
127 
234 

184 
216 

ai7 

Terminus  South  Branch  S. 

Fork  road 

2.23 
7.38 
6.00 

1.14 
3.81 

0.56 
3.51 
2.50 
4.83 

2.23  , 
9.61 
15.61  i 

16. 75  1 
20.56 

21.12  I 
24.63 
27.13 
3L46  < 

and  C.  R.  R. 

Martin's  Baneh  on  Dry  Creek 

Jonction  with  river  road   near 

RoberU's  Ferry. 
Roberts'  Ferrv    

Tuolumne  River. 

Blodirett's  Ranch 

Old  Korley  Ranch;    water 

TTorlr  nMd  to  rjftflrrftniTB  .••••••••••• 

and  forage. 
Gnide-boanL 

Cross-roads  ^^..  ^  ^..^            4.4.«.4... 

Fork  roads 

Snelling  Postoffice 

252 

On  Meroed  River. 

Froiii  Snelling  to  Merced,  via  Coj^e  Ferry,  Cah^Atlassheet  Xo,  56  D. 


Distance  in  miles. 

Altitude  in  feet  above 
sea-level. 

i 

1 

Remarks. 

Snellinir 

ia95 

14.66 

12.96 
12.53 

10.86 
6.35 

252 

county-seat 
Right-hand  fork  runs  down 

river  to  Hopeton,  Ac 
Merced  Rivei\ 

4.29 

1.70 
0.43 

1.67 
4.51 
6.35 

4.29 

5.99 
6.42 

8.09 
12.60 
18.95 

Cox's  Ferry ••..••.... 

250 

Cross-roads  ..•■>> ...^. 

Cross-road    running     akmz 
south  side  MercedRiver. 

Top  of  hill 

394 

215 
171 

Half-way  House,  or  Waterloo  Hotel 
Meroed  (at  railroad  crossing) 

Seat  Merced  County. 
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From  Snelling  to  ToBemUe,  Cah^  via  Coulterville  Eoad, — Atlas-skeet  Xo,  56  D. 


DUtanoe  in  miles. 

SI 

§^ 

tk 

S    1 

H. 

1 

i 

i? 

eg    :    f^    \ 

i^ 

1 

1  1 

Remarks. 


Soelling  Post-ofice.. 


Fork  road  to  Merced  Falls 

Fork  road  to  Lagrange 

First  bridge 

Second  br^ge 

Crossing  Merced  Falls  and  La- 
grange road. 

Junction  Station 

Junction  road  from  Lagrange  . .... 
Kanch 


TollBridge 

Junction  road  from  Don  Pedro's 
Bar. 

Granite  Spring 

Herbek's  Kanch 


Haigbs* 

Coulterville 

School-bouse,  near  Dexter's. . 


Dudley's , 

Leave  Smith  Creek 

Strike  fork  of  Kortb  Fork  Merced. 
Bower  Care , 


Stage  Station 

Watering  Trough 

Trail  to  Deer  Fut  turns  ott.. 

Hazel  Green 

Forks  road  to  Crane  Flat. . . . 


Merced  Grove  Big  Trees 

Big  Meadows 

Junction  Trail  frx>m  Hite's  Cove. . . 
Forks  Coulterville  and  Big  Oak 
Flat  roads. 
Barnard's  Hotel — 


*By  taking  the  left-hand  road  at 
Haigb's  we  have  the  following  dis- 
tances: 

Bonejard  Banch 

Koadheadof  Bean  Creek 

School-house 


/^  Total. 


0.61 
0.65 
3.32 
0.76 
3.79 

L26 
3.02 
2.51 

1.68 
L25 

0.88 
1.73 
2.93 
2.64 
6L00 

1.58 
1.75 
0.78 
2.16 

8.23 
4.00 
0.58 
4.93 
0.36 


0.61 
L26 
4.58 
5.34 
9.13 

10.30 
13.41 
15.92 

17.80 
19.05 

19.93 
21.66 
24.59 
27.23 
33.23 

34.81 
3&56 
87.34 
39.60 

42.73 
46.73 
47.31 
52.24 
52.60 


2. 
a45 
4.59 
2.61 

3.66 


I 


65.40 
63.85 
6&44 
71.05 

74.71  ! 


74.71 


252 


74.10   

73.45  , 

70.13  ! 

69.37  ;  267 

65.58  I  477 

578 
916 


I 


19.31 
10.86 
6.27 
3.66 


4,237 
3,852 


8,851 


On  Merced  Biver,  formerly 
seat  of  Merced  County. 


Dry  Creek. 


At  Junction  of  road 

Merced  Falls. 
On  North  Piney  Creek. 


Stage  station. 
Blacksmith  shop. 


Junction  of  road  from  Bone- 
yard  Ranch. 


Public  house  on  North  Fork 
Merced. 


By  left-hand  road  Hazel 
Green  to  Crane  Flat,  4.76 
miles. 

Saw-mill  and  toll-gate. 

Yosemite  Valley. 

Yosemite  post-office. 


I  '  ' 

2.11  ' ' 2,450     Myers's  store. 

2.08   3,333  I 

4.09   3,103     At  Junction   with   Coulter- 

-—^  viUe  Btage-road,  near  Dex- 

I  ters. 

8.28 Haigh's   to    Junction    with 

Coulterville  road. 
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From  Merced,  Cat,  to  Mariposa,  Cal. — Atlui-sheeU  Nos,  56  D  and  64  B. 


Distance  in  miles. 

1 
p 

171 
168 
215 

Between  consecu- 
tive points. 

1        ' 

i 
1 

40.86 
39.70 
34,51 

33.64 
26.38 
22.75 
ia40 
16.88 
14.44 
13.94 
12.53 

10.72 
7.89 
5.97 
5.24 
4.05 
2.89 
L70 
0.71 
0.35 

Remarks. 

MercM : 4... 

Seat  of  Herced  County. 

Bear  Creelc  Bridce 

L16 
6.19 

0.87  ; 
7.26  i 
a63 
4.35 
L62 
2.44  , 
0.50 
L41 

L81 

2.83 

L92 

0.73 

1.19 

1.16 

1.19 

0.90  , 

0.36 

0.35 

1.16 
•    6.35 

7.22 
14.48 
18.11 
22.46 
23.98 
26.42 
26.92 
2a  33 

30.14 

32.97  1 

34.89  ' 

35.62 

36.81 

37.97 

39.16 

40.15 

40.51 

40.86 

HiUf'Way  House 

Public  house ;  grass  in  early 
summer;  water;  no  wood. 

Road  forks  to  Snelling 

Lava  Bed  Station T 

446 

473 

847 

898 

1.047 

1.049 

1,075 

1,598 
1,780 
2,169 
2,104 
2,178 
2,416 
2,112 
1,986 
1,971 
1,942 

fSrifflth'i  Kanch .... 

Homitos 

Mining  village. 

Koad  forks  to  Indian  Gulch 

Smith's  Ranch 

Elkhoin  Ranch 

Corbett's  Ranch »... 

Road  forks  to  Cathev's  Val 
ley,  300  yards  beyond  ranch. 

ToU-Hoase 

ToIlHouse 

Summit 

Princeton 

Mining  village. 

Foran  's  Store 

Summit 

Lewis'  Ranch 

Sweetwater  Road 

'MaripniMV 

At  Town  Hall. 

'Do 

At  post-office. 

From  Maripom,  Cal.,  i 

0  Yoaemite  Valley,  Cal 

,^Atla$'8h€et  No,  56  D. 

Mariposa 
Mormon  Bar 
Sevastopol  Flat 
Boot-Jack  Ranch 

Thompson's 

Frye's 

HaVs 

Turner's  (formerly  Delong) 
Cold  Spring 


Summit . 


5.24  ,    21.69       31.40 


ByCreekBridge I      2.43'    24.12 

Clark's '      2.07      26.19 


28.97 
26.90 


Elevenmile  Station 10. 76      36. 95      16. 14 

OppOHite  Lower  Bridge '    12.51       49.46        3.63 

Barnard's  Hotel 3.63'    53.09   


Remarks. 


Seat  of  Mariposa  County. 
Mining  village. 


Road   to    Hite' 
yards  beyond. 


's    Cove 


Stage  station;   wood,  water 

and  forage. 
Divide  between  ChowcWIU 

and  South  Fork  Merced. 

Hotel  and  stage  station: 
wood,  water,  pasturage  and 
forage. 

Wood  and  water. 

New  iron  bridge  over  M^roed. 

Formerly  Hutchings.  To- 
semite  postK>ffice. 
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From  BarnariPs  Hotel  to  various  points  in  the  Tosemite  Valhy,  Cah — Atlas-sheet  Xo.  56  D. 
BARXARD  TO  SNOWS  HOTEL. 


Bamard'A 

niilouette  Fork  . 

RejriaterRock... 
Snow'a  Hotel 


Distance  in  mile«. 


|3 


2.63 
0.62 
1.39 


I 
I 


2.63 
3.25 
4.64 


I 


4.61 

2.01 
1.39 


a«  « 


Remarks. 


I 

3, 851  '  At  south  end  now  bridge. 

I  Bridge. 

Trail  to  foot  of  Vernal  Fall. 

5, 217  ,  Near  fdot  of  Nevada  Fall. 


I 


BARNARD'S  TO  LOWER  BRIDGE. 


Barnard's 

Blacks '      0.77 

Leidisc's   0.30 

Lower  Bridge ]      156  ' 


0.77  i 

1.07 

3.63 


3,851 


3,843 


Via  south  bank  Merced  River. 


BARNARD'S  TO  FORKS  COULTERVILLE  AND  OAK  FLAT  ROADS. 

Barnard's    I.. Via  north  si^e  Merced  River. 

Forks  Coulterville  and  Big  Oak  I      3.82   

Flat  road.  i  '  I 


BARNARD'S  TO  FORKS  COULTERVILLE  AND  OAK  FLAT  ROADS. 


Barnard's  . 


Leidig's 

Forks    Coulterville    and    Big   Oak 
Flat  road. 


3.851 


1. 07        1. 07 
2.59  '      a66  ! 


Via    Leidig's    and    Middle 
Bridge. 


BARNARD'S  TO  MIRROR  LAKE. 


Barnard's i 

Mirror  Lake '. !      2.62 


3.851 
4,025 


BARNARD'S  TO  EAGLE  POINT. 


Barnard's 

Columbia  Rock 

Foot  Yosemite  Falls . 
Fork  of  Trails 


1.98 
0.60 
1.21 


Eagle  Meadows j      1. 36 

Eagle  Point I      0.90 


1.98  ' 
2.67  , 
3.88 

5.24 : 

6.14  I 


3,851 


Right  hand  trail   to  top  of 
Yosemite  Falls. 


BARNARD'S  TO  GLACIER  POINT. 


SATn&rd^ft    ••  ••.•••     ••• 

t 

4  45 

BhMfk's 

)      0.77 

,      0.27  1 

0.77 
L04 
3.13 
4.45 

3.68 

Trail  turns  ofl 

3.41      

Union  Point 

2.09 

1.32    

Glacier  Point 

1      1.32 

1 
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From  BarnarWs  Hotel  to  various  points  in  the  Yosemite  Valley ,  Ckilifomiaf  ^. — Continned. 
BARNARD'S  TO  SODA  SPRINGS  AND  MOUNT  LYELL  VIA  CATHEDRAL  MEADOWS. 


Distance  in  miles. 

'.3 

0 

U 

1-9 

Is. 

> 

ji 

Remarks. 

BftmArd'n  ...«.,-. «,. r.*.... 

3,851 

«Reirister  Rock 

3.25 
1.39 
0.92 

3.52 

3.23 
5.20 
4.14 

LOO 
9.31 

3.25 
4.64 
5.56 

Snow's 

5,217 

Forks  Tiail 

Trail  to  right,  crosses  Merced 
by  bridge  and  nins  to  Sen- 
t&iel  Dome. 

Cloud's  Rest,  by  left-hand 
trail,  about  2^  miles. 

Fork  Clond  Rest  Trail 

9.08 

12.31 
17.51 

Top  of  Hill 

9,499 

Divide  Head  of  Cathedral  Meadow 

Near  Cathedral  Lakes. 

Jonction  with  Lake  Tenaiya  Trail. 

Opposite  innotion  Monnt  LyeU  and 
Mount  Dana  CreeksT 

Head  of  Tnolnmne  Meadows 

2L65 
23.25 

32.56 



8,675 

Soda  Springs,  A  mile  upriv^ 

on  north  Dank. 
The  old  Mariposa  and  Mono 

trail  runs  up  Mount  Dana 

Creek. 
Mount  LyeU,  about  5^  miles 

via  east  side  Lyell  Creek. 

Good  camping  ground  at 

flrstlake. 

8,949 

From  Bower  Cave,  Cahf  to  Black's  and  Henness}fs  Bridge,  Cal, — Atlas-sheet  Xo.  56  D. 


Distance  in  miles. 


% 

m  Bower  Cave. 

1 

h  1 

^1  ■ 

Remarks. 

*** 

^ 

1 

2 

Bower  Cave 

Divide  between  North  Fork  Mer- 
ced and  Bull  Creek. 
Black's 

Divide  between  Bonell  Gulch  and 

Merced  Fork. 
Strike  Merced 


Junction  South  Fork  and  Merced. 

Ferguson's  Mill 

Hennessy's  Bridge 


1 

2L53 

2,360      i 

2.47 

2.47 

19.06 

3,157 

1.91 

4.38 

17.15 

2,621 

,      3.62 

8.00 

13.53 

3,842      1 

3.17 

n.i7 

10.36 

1, 197. 1 

3.19 

\ 

14.36 

7.17 

1,401 

1.64 

16.00 

5.53 

1,389 

1      5.53 

2L53 

1,821 

Station  on  Coulterville  and 
Yosemite  road. 


Ranch;    wood,   water,    and 

forage. 
End  of  wagon-road. 

Trail  follows  up  cafion  of 
Merced,  40  feet  above  river. 

Opposite  month  of  South 
Fork,  50  feet  above  water. 

30  feet  above  water,  esti- 
mated. 

Over  South  Fork;  HitesCove 
by  trail,  7.24  miles. 


From  Bower  Cave  to  Black's,  and 
wagon-road ;  thence  to  Hennessy's  by 


the  divide  between  Bonell  Gulch 
trail. 


and  Merced  the  route  is  by 
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From  Rite's  Covey  Cal.y  to  Yosemite  Valley ^  Cah — Atlas-aheet  Ko.  56  D, 


Distance  in  miles. 


Hite'sCove 

Divide  between  South  Fork  and 

Merced. 
Hennessy'a  Bridge 


II 
It 


o 

90 

a 


Horton's  River 

Coultorv  ille  road I 

Cascade  Creek 

Junction  Coulterville  and  Big  Oak 
Flat  roads. 
Barnard's  Hotel 


1.59 

6.05 

1.03 
6.65 
0.58 
4.01 


1.69 

7.24 

8.27 
13.92 
14.50 
18.51 

22.17 


22.17 

20.58 

14.93 

13.90 
a  26 
7.(J7 
3.66 


I 


1,601 
3,342 

1,821 

1,823 
3, 352. 4 


3,851 


Hemarks. 


Mining  village. 
No  camping  place. 

Mercpd    Iliver;    wood    and 

sraM). 
Wood  and  grass. 

Wood,  water,  and  grass. 
Yosemitc  Valley. 

Yoseniito  post-office. 


Route  by  trail  until  the  Coulterville  road  is  reached. 


From  Fresno  Flat,  Cal.,  to  Clark's  (by  new  road),  CaL-mAtlas-sheet  Xo.  56  D. 
Distance  in  miles.  ^ 

1-3 


Fresno  Flat . 


Board  Ranch. 
Summit 


Fork  road  to  Big  Trees . 

Junction 

Clark's 


11 
II 


12.99 
3.60 

3.33 
3.05 
0.42 


12.99 
16.59 

19.92 
2-2.  97 
23.  3St 


i 

o 
B 


1 


Remarks. 


23.39 


10.40 
6.80 


3.47 
0.42 


2,192  I 


Station  at  post-office  Mining 

Village. 
Sta>|;»>  station. 

Divide  between  Fresno  and 
Big  Creeks. 
5,062  I 

6, 278  I  With  the  Mariposa  road. 
3, 925  I  Big  Tree  Station  post-ottice. 


4,639 
6,109 


This  is  a  portion  of  the  new  route  from  Madeiu,  on  the  Southern  Pacific  Railroad,  to  the  Yosemite 
Valley,  via  Clark's.    It  has  a  very  easy  grade. 


From  Frestw  Flat,  Cal.,  to  Crane  Valley,  Cah — Atlas-sheets  Nos.  5f>  T)  an4  64  B, 


Distance  in  miles. 


I 


II 


s 


'Fresno  Flat  Post-office 

Taylor's  Ranch 

Divide 


Road 

Crone  Valley . 


-3 

> 

a 


1.47  I 
3.95  I 

0.66  ' 
1.83  I 


1.47 
6.42 


6.08 
7.91 


7.91 
6.44 
2.49 


I? 


2 


2,192 
3 '504 


3,186 


Remarks. 


Mining  village  on  Fresno  River. 

Between  Fresno  River  and 
North  Fork  San  Joaquin. 

Road  forks  to  left  to  saw -mill. 

Bridge  nt-ar  Sharpton's  Ranch, 
on  North  Fork  San  Joaquin. 


*  From  Fresno  Flat  a  road  runs  up  the  Fresno  to  the  Madera  saw-mill;  distance  8.05  miles. 

135  E 
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From  SneUing^  Cal,  to  La  Grange  and  Thompson's  Ferry ,  Cal,^ Atlas-sheet  Xo.  56  D. 


Snelling  Post-office  , 


Fork  rood  to  Merced  Falla 

Fork  road  to  Coulterville 

Croasing  Dry  Creek 

Croaa.roa4i 

Croaa-road 

Junction  road  to  Roberta's  Ferry 
J  unction  road  from  Merced  Falls. 
La  Grange  Post  office 


Thompaon'a  Ferry . 


Distance  in  miles. 


1^ 


0.61 
0.65 
2.83 
3.28 
1.01 
0.83 
2.37 
0.12 

2.68 


0.61 
1.28  I 
4.00  , 
7.37 
&38  I 
0.21 
11.58  ' 
11.70 

I 
14.38 


I 


i 
§ 

H 

i_ 

14.38 

13.77 
13.12 
10.20 
7.01 
6.00 
5.17 
2.80 
2.68 


s 


It 

252 


245 
313 


Rem^rka. 


410  I 
222 


188 


Formerly  seat  of  Merced  Cotm- 
ty,  on  Merced  River. 


Mining  village  on  Merced  Riv- 
er (formerly  French  Bar). 

Over  Merced  River;  formerly 
at  Lagrange. 


From  Lagrange,  Calfto  Afbrced  Falls  and  Cunningham's  road  {on  old  Fort  Miller  road\ 

Cal.'-AtlaS'Sheet  No.  56  />. 


Lagrange 

Fork  road  to  Snelling  . 
Fork  Coulterville  road. 
Coonty  Comer-atone  . . 


Troetfing  Coulterville  and  Snell- 
ing road. 

Sheep  Ranch 

Fork  roads i 

Merced  Falls 


Ferry. 


Fork  road  to  Homitos 

Griffith's  Ranch 

Junction  Roads  at  Butte  . 
Crossing  Bums  s  Creek . . . 


Junction  Hoad  for  Indian  Gulch. 
Gray's  Ranch 


Bear  Creek  <];rossing 

Merced  and  Mariposa  road. 
Cunningham's  Ranch 


Remarks. 


Mining   town    on    Tatdnmiie 

River. 
Running  south. 
Running  east 
Cor.  of  Stanislaus,  Tuolumne, 

Merced,  and  Mariposa  Coun- 

tiea. 


Manufacturing  and  agricnlto- 
ral  village. 

Road  turning  up  river  runs  to 
ranches  and  Homitoa. 

Main  road. 

Homitos,  4.35  miles. 

Road  comes  in  from  south. 

Water  in  spring  and  early  sum- 
mer. 

Indian  Gulch  5.56  miles. 

Wood,  water,  and  grass;  sheep 
ranch. 

Water  in  spring  and  summer. 

South  of  Miles  Creek,  on  old 
Fort  Miller  road. 
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From  Mariposa,  Ckih,  to  Lewis  Banch, 

Cal,  via  Moore  mil  Road,  Atlas-sheet  Ko,  56  B, 

• 

Distance  in  milet. 

« 

0 

it 

1 

►3 

Remarks. 

Madpoaa  Po6t<»ffioe 

15u81 

13.42 
9.22 
a22 
d.67 

1.932 
1  080 

Mining  town;  seat  of  Mari- 
posa Conntv. 

'Mlnintr  ir(11a»» 

MoTmon  Bm*  ...................... 

L89 
4.20 
1.00 
1.55 
d.67 

1.89 
«.09 
7.09 

aei 

16.31 

Bridgeport 

llaST     Old  mming  ^Tllage. 
1,588     Moore  HiU. 

Sammit ...,. 

Mulpoea  Creek  CroMinir 

1.142 

966      TfTniWI    'WAtAr   tnrtktm  nr  r^ui^ 

i^wieWh!!!:.:.^..:.:.;:"::: 

nrage. 

From  Mariposa,  Cal,  to  Bear  Valley,  Cah,  Atlas-sheet  No,  56  2>. 


Distance  in  miles. 

1 

1.^ 

j 

1 
1 

Bemarks. 

IfariiMMft  P(Mt.AflflcA - 

11.80 
6.56 
6.20 

1,932 
2.104 

Seat  of  Mariposa  County. 

Mining  Tillage. 

Left-hand  road  to  flomitos, 

12.10  miles. 
Mining  Tillage. 

Princeton    

5.24 
0.36 

8.20 

5.24 
5.60 

1L80 

Forks  (take  riglit-hand) 

pjMkr  VfJlAy  Po4tt-ofRce .rr 

2,087 

Fr^m  Bomitos  to  Merced,  CaL,  via  Indian  Gulch  and  Old  Fort  Miller  road, — Atlas^heet 

No.  56  D. 


Homitos 

LeaTc  Mariposa  road 

Cat-ofT  from  Mariposa  road 

Road  to  Cathey  Valley 

Indian  Gulch 

Old  Fort  Miller  road 

Gray'sRanch 

Bear  Cn^ek  Crossing 

Merced  and  Cathey^  Valley  road. 


County  Hospital 

Merced  (at  raflroad  crossing). 


Distance  in  miles. 


h 


1.52 
1.64 
2.27 
0.27 
5.56 
0.36 
1.94 
1.26 


U.97 
8.88 


& 


L52 
3.16 
5.43 
5.70 
11.26 
11.62 
13.56 
14.82 


26.79 
30.67 


30.67 
29.15 
27.61 
25.24 
24.97 
19.41 
19.05 
17.11 
15.85 


8.88 


I 


1,058 


95L4 


307 
350 
373 


171 


Remarks. 


Mining  Tillage. 

Mariposa  road  forks  to  left 


Mining  Tillage. 

Wood,  water,  and  grass. 

Old  Fort  Miller  road  crosses 
Catbey*s  Valley  uid  Mer- 
ced road. 

Seat  Merced  County. 
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From  HorniiOB  U>  Bear  Valley,  Cal—AtlaS'theet  JVb.  56  D. 


Homitoft  llotel  

TTaahiuKtou  Quartz  Milla 

Fork  Road  to  Sinimona's  Ranch  . 
*  Blackmore's  Ranch 


Divide  .... 
Bear  Valley  . 


Biatance  in  milea. 


t 


2.48 
2.90 
1.85 

1.52 


2.48 

5.38 
7.23 

8.75  i 


10.79 
8.31 
5.41 
3.50 

2.04 


i 


5 


Remarka. 


2. 04       10. 79  ' 


847     Mining  rillaee. 
1. 032  . 
1,38T  t 
2, 230     Road  forks  to  loft  to  Hnnt- 

'      (*r'B  Valley  and  ranches. 
2,755     Between     Unntor's    Valley 

'      and  Boar  Valley. 
2, 087  ,  At  Oao  Houae. 


*  Road  to  left  ninn  to  ranches  on  Cotton  Creek,  Hunter's  Valley,  and  to  old  mininj^  village  of  Chemisal 
(deserted),  distant  3.95  miles. 


FYam  Jlomitot  to  Redman*a  Ranch,  Caihey'8  Valley^  Cal—Atlae-sheet  Ko.  56  D, 


Distance  in  miles. 


11 

^•5 


Homitos  Hottl 

Corbett's  Ranch., 


Fitzhngh's  Ranch 

Church'aiid  school-house. 

Cathey's  Ranch 

Reilman's  Ranch 


I  i'3 


■| 


5.87 


5.87 


8.77        9.64  I 

0.97  10.61  ■ 

1.  33  11.  94 

0.88  :  12.82 


12.82 
6.95 


3.18 
2.21 


I 

5 


847 
1.075 


1,162 
1, 252 
1,260 
1,181 


Remarks. 


Mining  town. 

Forks  Cathey's  Valley  and 
Mariposa  roada,  300  yards 
beyond. 
Do. 
Vallev. 

Wooa,  water,  and  forage. 
Do. 


From  Cathey's  Valley  to  Merced,  Cat, —Atlas-sheet  No.  56  IK 


Redman's 

CroRsin?  MlUerton  road 

School-House 

Upton's 

County  Hospital 

Taylor's 

Bear  Creek  Bridge 

.Merced  (at  railroad  crossing) . 


Distance  in  miles. 


i.s 

h 


■5 

I 

es 


9.68 

'    0.68 

10.28 

19.96 

1.03 

20.99 

0.66 

21.65 

1.02 

22.67 

1.69 

24.36 

1.17 

25.53 

25.53 
15.85 
5.57 
4.54 
3.38 
2.86 
L17 


cS 

9  so 
d 


1,180 
319 
182 


168 
171 


Remarks. 


Wood,  water,  and  forage. 

Water  and  forage. 

Do. 

Seat  of  Merced   County  on 
Southern  Pacific  Railroad. 
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From  Thomp9on*8  Ferry  to  Crimea  House,  Cal, — Atlas-sheet  Xo.  56  D. 


Thompflon's  Ferry  . 


Junction  old  Lagrange  and  Knight's 
Ferry  road. 

Bosang'9  road  on  Dry  Creek 

Gallop^s  road 

Jonouon  Lagrange  freight  road 


Drew'a  Ranch 

Divide 

Crimea  House.. 


Distance  in  miles. 


0.71  I 
0.90  I 
L40  I 


§1  '  s.. 

r  'I 


5. 17  ,      5. 17 


5.88 
6.78 
&18 


6.20  1  14.38 
0. 63  15. 01 
3.40       1&41 


£1 

I 


1&41 


13.24 

12.53 
1L63 
10.23 


4.03 
3.40 


^ 


188 


319 


280 
258 


1,090 
1,384 
1,221 


Bemarks. 


—  miles  below  Lagrange,  on 
Tuolumne  River;  .  wood, 
water,  and  grass. 


At  Stone  Fence,  h  mile  north 
of  Armstrong's  Ranch ; 
main  road  keeps  on  to 
Knight's  Ferry ;  right-hand 
road  to  Crimea  House. 


Public  house; 
said  forage. 


wood,  water, 


This  route  is  by  the  first  road  to  right  below  Thompson's  Ferry.  Between  the  river  and  the  old  La- 
mmge  and  Knignt's  Ferry  road  the  road  is  at  present  a  natural  grade,  only  suitable  for  light  wagons. 
Freight  teams  take  the  next  right-hand  road,  and  strike  the  Lagrange  and  Knight's  Ferry  road  0.5  mile 
beyond  Armstrong's  Ranch. 


From  EnighVs  Ferry  Bridge  to  Chinese  Camp,  CaL—Atlas-sheet  Xo,  56  B  and  Z>. 


Knight's  Ferry  Bridge . 


Crabtreea 

Keystone  House  . 
Crmiea House  ... 


Taylor's  Ranch 

Chinese  Camp  Post  Office . 


Distance  in  miles. 


MS 


4.79 
4.15 
L69 


4.79 
8.94 
10.63 


2.73  I    18.36 
1. 39  '    14. 75 


O 

I 

Cm 


14.75 

a96 
5.81 
4.12 

1.39 


§•3 
«  > 


180 

934 
1,003 
1,221 

1,047 

1,290 


Over       Stanislaus,      above 

Knight's  Ferry. 
Ranch  and  spring. 
Public  house  at  cross-roads. 
Public  hoase ;  wood,   water, 

and  forage. 
Public    house    on     Six-bit 

Gulch. 
Mining  town. 
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From  KnighVs  Ferry  Bridge  to  Copperopolis,  Cal.f  via  Byrnes's  Ferry. — AUas-sheet  JVo. 

56  C  and  56  D, 


Distance,  in  miles. 

Altitude  in  feet  above 
sea-level. 

• 

1 

OD 

i 

!, 

Kjiigbt's  Ferry  Bridf^e 

25.91 

25.58 
22.66 
26.12 
21.12 
18.08 
16.97 
12.92 
12  46 
7.60 
5.03 



180 
323 

934 

1,117 

"'"i,093 

1,143 

1,117 

880 

412 

1,015 

On  Stanislaus,  above  town  of 

BuenaYUta 

0.33 
2.92 
L54 
1.00 
2.04 
1.11 
4.05 
0.46 
4.86 
2.67 
5.03 

.33 
3.25 
4.79 
5.79 
7.83 
8.94 
12.90 
13.45 
18.31 
20.88 
25.91 

Knight's  Ferry. 
Store. 

Kahch  and  spring ^ 

Crabtrees 

Divide 

Fork  roads 

Lagrange  road,  to  right. 
Public  house  cross-rooda. 

Koystone  House 

Kow  York  Teut 

Cross-road. 

Fork  road  to  Sonora 

Via  Rawhide  Camp. 
Old  mining  town. 

Bvmes's  Ferry 

School-House 

Copperopolis  Post  Offieo 

From  Roberts'  Ferry  to  KnighVs  Ferry  Bridge,  Cat. — Atlas-sheets  Xos.  56  C  and  56  D. 


Ko}>erts'  Ferry , 

Fork  of  roaHs 

Large  Ranch 

Junction  Lagrange  and  Knight's 
Ferry  Bridge. 

Divide  between  Tuolumne  and 
Stanisbfns. 

Williams'  Ranch 

Bucna  Vista 

Kuight's  Ferry  Bridge 


Distance  in  miles. 


0.70 
5.66 
1.76 

4.58 

L24 
1.54 
0.33 


2 

I- 

s 


.70 

a  36 
ai2 

12.70 

13.94 
15.48 
15.81 


11.39 


10.15 
&61 


I 


i 


184 
223 
230 
251 

518 

345 
323 
180 


Remarks. 


Tuolumne  River. 


Flagstaff  at  store. 
Over       Stanislaus,      above 
Knight's  Ferry. 


From  Neio  York  Tent  to  Sonora, 

Cal,  -^Atlas-sheet  Xo,  56  D. 

Distance  in  miles. 

it 
1 

f 

II 

d    * 

Remarks. 

New  York  Tent 

9.45 
8.99 
a  57 
7.26 
6.30 
2.30 

1,143 
1,117 
1.198 
1,113 
1,320 
1,556 
1,566 
2,036 
1,816 

Fork  road  to  Byrnes'  Ferry 

Table  Mountain  Divide 

0.46 
0.42 
1.31 
0.96 
4.00 
2.30 
8.22 
2.18 

.46 
.88 
2.19 
3.15 
7.15 
0.45 

Ranch  and  creek 

Divide  between  creeks 

Rawhide  Camp 

At  store 

Fork  road  to  Tuttletown 

Shaw's  Flat    

Sonora  Post  Office 
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Fi'om  Sanora  to  JackBonmlUy  Cal, — AtUis-aheet  No.  56  D. 


Sonon^  Post  Office 

McQnaid's 

Jiinetion  roAd  to  Chinese  Camp  . 

Kincaid'8  Flat 

Amy's  Kanch 

Flume 

CrosM-roads 

Twist's  Ranch 

Jacksonville 


Distance  in  miles. 

1 

1 

9 

P 

From  Sonoitk 

> 

Altitude  in  feet 
sea-level. 

12.43 

1,816 

1,888 

'  6.62 

.62 

11.81 

0.73 

1.35 

11.08 

1,775 

1.60 

2.93 

9.48 

1,589 

1.53 

4.48 

7.95 

1,494 

1.15 

5.63 

6.80 

1,667 

1.20 

6.92 

5.51 

1,565 

2.23 

9.15 

3.28 

1,121 

3.28 

12.43 



602 

Remarks. 


Town. 

Sonora  and  Mono  road  to  left/ 


At  hotel. 


From  Bridgeport  to  Mountain  House^  Cal.,  via  Canon  of  West  Walker  and  Coleville. — Atlas- 

sheeta  No.  57  A  arid  5G  B. 


Bridgeport  Post  Office. , 
Hot  Springs , 


*B«st  Branch  of  West  Walker. 


Junction  of  East  Branch  with  West 

Walker. 
Ranch 


Road  to  Little  Antelope 

Goleville  (blacksmith  shop). 


tSchool-House 

Carson  and  Aurora  stage-road . 


Mountain  House  . 


Distance  in  miles. 


h 

U 


14.30 
3.29 

2.85 

10.05 

3.75 
2.00 

5.00 
8.50 


14.30 
17.59 

20.44 

30.49 

34.24 
36.24 

41.24 
49.74 

60.57 


50.57 
36.27 

32.98 

30.13 

20.08 

1&33 
14.83 

9.33 
.88 


I 


•=1 

■9  "3 


6,423 
7,384 


5,100 


5,641 


Remarks. 


Seat  of  Mono  Countv. 
iStage  station;  wooa,  water 

and  forage,  or  pasturage. 
Coleville  road  leaves  Sonora 

and  Mono  roads  here  and 

runs  south. 
Road  enters  cafion  of  West 

Walker. 
At  mouth  of  West  Walker 

Cafion. 
Road  turns  up  cafion  to  left. 
Agricultural  village,  head  of 

Antelope  Valley. 
Forks  of  road. 
0.88  miles  south  of  Mountain 

House  and  7.79  miles  west 

of  Walker  Riverpost-office. 
Stage  station  on  Carson  and 

Aurora  road;   water  and 

forage. 


*  The  road  down  the  cafion  of  the  West  Walker  to  Coleville  was  opened  in  the  fall  of  1878.  It  has  a 
flue  natural  grade. 

tBy  the  right-hand  road  the  Carson  and  Aurora  stage-road  may  be  reached  in  9.5  miles,  or  0.88  miles 
west  of  Hove's,  making  total  distance  fh)m  Coleville  to  Hoyo's  Store  10.38  miles,  and  Coleville  to 
Mountain  House  22.24  miles.  For  distance  from  Mountain  House  to  Carson,  Nev.,  see  page  64,  Report 
1878. 
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From  liridgtport^  Cal.,  to  Mountain  Jlou%e^  JNVr.,  rid 

nhixUi  JVo«.  57  A  and  5(3 


East 


Walker  River  Road,—Ailiu- 


DiBtanoe  in  milrB. 


BridgeiMTt  Poet  OfBce. 


ToU-Hoaso 

Frying  Pan  Crork 
Boundary  Stake... 


CarDon  and  Anrora  Mt4ige*road. 

Sweetwater  PoHt  Ofliwi 

Williams' Station 


Ranch 

Sulphur  Spring  Station. 


Matthews'  Ranch 

•Road  to  Wellington's 


tHoye's  Store 

Fork  of  road  to  Coleville  . 


8.54 
3.4^ 
0.96 

2.46 
1.28 
2.83 

6.85 
4.82 

7.86 

3.75 

3.82 


Monntain  House  . 


0.88      47.53 


7.74 


S 


8.54 
12.02 
12.98 

15.44  I 
16.72  : 
19.55  . 

26.40 
31.  22 

39.08  , 

42.83  , 

I 
46.65 


■  2,  8 
.»5 


55.27 

4&73 
43.  25 
42.29 

39.83 
38.55 
35.  72 

28.87 
24.  05 

16.19 

12.44 

8.62 

7.74 


55.27  I 


6,423 


5.641 


Remarks. 


Seat  of  Mono  Comity,  on  the 
East  Walker  River;  water 
and  pasturage. 

California  and  Nevada  bound- 
ary. 


wood,  water, 


wood,  water. 


Store. 

Stage  station; 

and  forage. 
Cattle  ranch. 
Stage  station; 

and  forage. 
Desert  Creek,  stag%staticm ; 

water  and  forage. 
Stage    station    on   West 

^Valker  River,  0.46  miles 

distant. 
Walker    River    poet-ofBee ; 

stacc  station ;  wood,  water, 

and  forage. 
Road  forkH  to  the  left  and 

runs  up  west  side  Ante- 
lope Valley. 


*  Wellington's  is  off  the  main  road  0.46  mile.  Total,  Matthews'  to  Wellington's,  4.21  mUes;  Wei- 
Ington's  to  Hoyo'n,  3.80  miles. 

t  Hoyo's  Store  to  (\ili>ville,  via  wagon-road  on  east  side  Antelope  Valley,  is  little  traveled.  Hoye's 
Store  to  Colevillo,  via  west  side  Antelope  Valley  (main  route).  10.38  miles. 


From  Sonora  to  San  Andreas^  Cal. — Atlaa-sheete  Xos,  56  D  and  56  C. 


Sonora . 


Shaw's  Flat 

Tuttlotown...' 

Robertson's  Ferry . 
Angel's  . 


Distonce  In  miles. 


^  o 
£•■3 


'      <5 


I 


.1. 


2.18  , 
4.30 
2.16 
6.57 


San  Andreas i    12.« 


2.18 
6.48 
8.64 
15.21 
28.09 


I 


Remarks. 


28.09  1,816  I  At  post-office;  seat  of  Tuo- 

lumne  County. 
26. 01  2, 086     Mining  villago. 

21.61  1,321  I  m. 

19. 45  819  I  StanisUus  River. 

12.88    1  Mining  town 

1,033  1  Seat  of  Calaveras  County. 
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From  Sonora  to  Milton j  Cah — Atlas-sheeta  Xos,  56  D  and  56  C. 


Sonora 

Shaw's  Flat ... 
Illinois  Eanch. 
Tattletmvn.... 
Forks  of  road  . 


Keynolds's  Ferry. 

Copperopolis 

Reservoir  Hoaso  . 


Toll-house  , 
Milton 


Distance  in  miles. 


U 


2.18 
2.25 
2.05 
1.23 

4.39 
7.72 
a  70 

1.59 
4.54 


I 


2.18 
4.43 

6.48 
7.71 

12.10 
19.82 
28.52 

30.11 
34.65 


I 


34.65  ' 
32.47  I 
30.22  I 
28.17  I 
26.94  ' 

22.55  I 
14.83  I 

6.13  ! 
I 

4.54  I 


1,816 
2,036 
1,750 
1,321 


543 
1,015 
1,013 

777 
876 


Remarks. 


At  the  post-offlce. 

Wood,  water,  and  forage. 
Mining  village. 
Robertson's  Ferry,  1  mile  by 

right-hand  road. 
South  Fork  of  the  Stanislaus. 
Mining  town. 
Stage  station ;  wood,  water 

and  forage. 

At  the  railroad  depot;  tor- 
I  minus  Stockton  and  Cop- 
I      perpolis  Railroad. 


Stage-route  between  Milton  and  SOnora. 


From  Sonora  to  Northrup'Sy  Cal, — AtlMsheet  No,  56  D, 


Sonora 

McQuaid's  . 


Sullivan  Creek 

Road  to  Phenix  Reservoirs  . 

School-House 

Sonlsbyville  House 

Crawford's 

Old  Tollhouse 

Baxter's 


Korthmp's  (Bxcelskir  Hotel) . 


Distance  in  miles. 


it 
II 


0.62 

1.97 
0.55 
1.69 
1.43 
1.79 
3.06 
2.13 

1.25 


.62 

2.59 
3.14 
4.83 
6.26 
8.05 
11.11 
13.24 

14.49 


14.49 
13.87 


> 

I 


I 


Remarks. 


1,816 
1,888 


At  post-office. 

Forage,  Sec. ;  public  house ; 
roflS  forks  to  Jacksonville. 
Ranch. 
Do. 


11.90 
1L35 
9.66 

&23  , Public  house. 

a44  I I  Ranch. 

3.38    Do. 

1.25  I       4, 115  I  Mining  camp,   Confidence 
I      mine:  gold,  quartz. 

I       4, 519     Stege  station  and  tell-house ; 

j  wood,  water,  and  forage. 


This  is  a  portion  of  the  Sonora  and  Mono  turnpike-road  tram  Sonora  to  Bridgeport,  Cal. 
kept  in  good  order.    Main  stage-route  between  Sonora  and  the  Bodie  and  Aurora  nunes. 


Road 
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From  yarthrup*8  to  Bridgeport,  Cal-^Atlassheets  Xo8,  56  B,  56  D,  and  57  J. 


Northmp's 

Bradford'aSaw.MiU. 

Banch 

Bftld  Mountain 


Cold  Spring . 
Strawberry. . 

Summit 


Cow  Creek . 


LlUy  Creek 

Cascade  Creek  . 

MiU  Creek 

Niagara  Creek  . 
Eagle  Creek.... 


Eureka  YaUey  . 
Hog's  Pass...., 
Summit 


Leavitt*8 

Pickle's 

West  Walker  Eiver . 


East  Branch  West  Walker. 
HotSpriqgs 


Bickey's  . 

Saw.Mm. 

Bridgeport . 


Distance  in  miles. 


§5 

is 


4.91 
L84 

2.78 

2,85 
8.55 

2.27 


L90 

2.17 
2.62 
2.58 
2.53 
7.73 

2.90 

8.00 

8.20 

7.59 
3.42 
1.80 

2.40 

3.29 

7.32 
L98 
5.00 


4.91 
6.75 
9.53 

12.38 
15.93 

1&20 


20.10 

22.57 
24.89 
27.47 
80.02 
87.75 

40.65 

43.65 

51.85 

59.44 
62.86 
64.75 

0L15 

70.44 

77.76  I 

70.74 

84.74 


S' 


84.74 
79.83 
77.99 
75.21 

72.36 
68.81 

66.55 


64.64 

62.47 
59.85 
57.27  i 
54.72  ' 
46.99 

44.09 

4L09 

82.89 

25.30 
21.88 
19.99 

17.59 

14.30 


I 
II 

o  2 

I 


Bemarks. 


r 


4,519  I 


5,829 


5,238 
6,352 

5,905 


6,272 
6,467 
6,600 


5,957 


9,660 


7,019 
7,384 


6,483 


Post-office. 

Trail. 

Wood,  water,  and  grass. 

The  altitude  is  at  bare  point 

on  top  of  ridge. 
Good  spring  south  of  road. 
Stage  station;  wood,  wmtet, 

and  forage. 
Divide  between  the   South 

and  Middle  Forks  of  the 

Stanislans. 
Banch;   main   branch   Cow 

Creek  i  mile  beyond. 


Bridge. 

Bridge ;  road  crosses  Stanis- 
laus 0.4  n^es  beyond. 

Stage  station  (formerly 
Hay's). 

Boad  out  through  granite 
bowlder. 

Sonora  Pass,  crest  of  Sierra 
Nevada. 

Stage  station  and  horsersoch. 

Horse  ranch. 

Bridge;  wood  and  water; 
grass  scarce. 

Ford;  road  ftrom  Coleville; 
wood,  water,  and  grass. 

Stage  station;  forage  and 
pasturage. 

Hay  and  cattle  ranch. 

Formerly  Yaney's. 

Seat  Mono  County;  pastur- 
age and  forage. 


Sonora  and  Mono  stage-road,  being  part  of  the  through  stage-route  fhun  Milton,  on  Stockton  and 
CopperopoUfl  Bailroad,  to  the  Bodie  ana  Aurora  mining  diatrict. 
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From  Carson.  Xev.,  io  Volcano ^  Cal.,  Ha  Amador  and  Nevadawagon-road. — Atlas-sheets  Xos, 

47  D  and  56  B, 


Carson 

Woodford's.. 


^Williams'  Ranch . 

Carson  Pass 

Caple's  Rjuich 


Silver  Lake  Hotel . 


Tragedv  Spring 

f  Road  forks  to  Pleasant  Valley. . 
Corral  Flat 


Peddler's  HiU . 


ColdSprinj^... 
Had  Sprint  . . . 
Ham's  Station. 


Wiley's  Station  . . 
Antelope  Spring  , 
Forks  of  road  . . . . 


Horaley's  Station. 


Myers's  Station  . 


: Foster's  Station.. 

§  Denser's  Station 

Volcano 


Distance  in  miles. 


^4 

!i 


30.87       30.87 


13.11 
1.81 


43.98 
45.79 
49.47 


7.37  I    50.84 


3.00  I 
4.48 
0.78  I 


59.84 
64.32 
65.10 


5.66      70.76 


4.39  ! 
a39 
2.08  1 

3.77 
3.20 
0.32 

1.34 


2.23 

2.17 
3.07 
3.28 


6 

I 


75.15 
75.54 
77.62 

8L39 
84.59 
84.91 

86.25 


88.48 

90.65 
93.72 
97.00 


97.00 
66.13 


53.02 
51.21 
47.63 

4a  16 

37.16 
32.68 
31.90 

26.24 

21.85 
21.46 
19.38 

15.61 
12.41 
12.09 

10.75 


8.52 

6.35 
3.28 


I 

I 


4,600 
5,676 


7,767 
8,634 
7,780 

7,174 

7,989 


6,831 


5,973 
5,439 

5,027 
4,272 


3,860 

8,750 

3,265 
2.922 
2,075 


Kemarka. 


At  the  capitoL 

Stage  station;  month  of 
cafion  of  West  Fork  Car- 
son River. 

Wood,  water,  and  grass. 

Crest  of  Sierra  Nevada. 

Clear  Lakes;  wood,  water, 
and  grass. 

Public  house;  wood,  water, 
and  forage. 

Wood,  water,  and  j 


Wood    and    water; 

scarce. 
Wood,  spring  (runs  dry  in 

summer). 
Wood  and  water. 

Do. 
Public  house;  wood,  water, 

and  forage. 
Do. 
Do. 
Left  fork  known  as  Antelope 

and  Pine  Grove  Turnpike. 
Public      house;       formerly 

French      Camp ;       wood, 

water,  and  forage. 
Public      house;       formerly 

Thorp's ;     wood ;     water, 

and  forage. 
Public  house;  wood,  water, 

and  forage. 
Public  house;  wood,  water 

and  forage. 
Mining  town. 


*At  Williams'  Ranch  there  is  a  branch  road  to  Hermit  Valley,  on  the  Big  Tree  road ;  distance,  16.71 
miles.  From  this  branch  road  a  rood  forks  to  the  right  and  runs  to  Summit  City  (abandoned)  and 
Blue  Lakes. 

( At^his  point  a  road  forka  to  ths  right,  running  to  Leek  Spring;  Pleasant  Valley,  and  Newtown. 
(See  Report  of  1878,  p.  61.) 

:  Right-hand  road  to  Fiddletown. 

§  Right-hand  road  to  Sutter. 
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From  CaraoHf  Nee,,  to  Murphy^Sj  Cal.,  Ha  Silver  MoHutain  City  and  Big  Tree  road, — Atlas- 

sheets  Xos.  47  Z)  and  56  B. 


Distance  In  miles. 


go 

SI  > 

I* 


Carson 

Woodford's 30.87 

MarkloeviUe '      6.03 

Bridge  and  Old  Tollhouse '      1. 61 

Mount  Bullion  Toll-house   3.74 


Centreville . 


Silver  Mountain  City. 
First  Summit 


2.55 

3.26 
6.23 


Hermit  VaUey ;      5.47 

SeoondSummit 2.71 


Silver  Valloy... 
Blood's  Station . 


Onion  Valley 

*Big  Meadow  Creek . 


Black  Springs 

Gardener's  Station 

Big  Trees  of  Cslaveras  . 

Half-Way  House 

Murphy's  mining  vUlage . 


5.74 
3.74 


2.33 
8.01 

5.70 

8.54 

2.82 

7.81 

8.11 


I 


30.87 


110.37 
79.50 


^1 


Remarks. 


37.50  '  72.87 
39.11  ;  71.28 
42. 85   67. 52 


I     i 

4, 660     Bute  capitol. 

5,676  I  Stage   station  mouth  cafion 

west  Fork  Carson. 
5, 525     Seat  of  Alpine  County. 


45.40 

4&66 
64.89 

60.36 
63.07 


68.81 
72.55 


74.88 
77.89 

83.59 

92.13 

94.95 

102.26 

110.37 


64.97  I 

61.71  I 
55.48 

50.01  ' 
47.30  I 


41.56  I 
37.82 


35.49 
32.48  I 

2&78 ; 

28u24  I 

I 
15.42  I 

&11  I 


6.446 


'  Bead    to    Monitor  forks  to 
'      the  west. 

Abandoned  mining  village. 
{  opposite  mouth  ATolf 
I      CriMk. 

I  Mining  town;  wood,  water 
I      and  forage. 

;  DiN-ido    Iwtween     drainage 

basins  of  the  Carson  and 
I      Mokelumne  Rivers. 
7, 039  '  Wowl,  water,  and  forage,  or 

pasturage. 
8,157    Divide     between     drainage 
1      basins  of  Mokelumne  and 
Stanislaus  Rivern. 

Wood,  water,  and  grass. 

0,979     Toll-house  and  cattle  ranch; 
I      wood,   water,  and    forage 
or  pasturage. 

Wood  and  water ;  graaspoor. 

6,464     Wood,    water,    and    grass; 

I      bridge. 
6,485  I  Wood    and    water;     grass 
scarce. 

I  Wood,  water,  and  forage  or 

I      pasturage. 
4, 780     Hotel ;  wood,  water,  and  for- 
age. 

3,358     Inn;  wood,  water,  and  for- 
age. 
2, 195     Blacksmith's  shop  at  cross- 
roads ;  postoffice  0.33  mile 
west 


Good  mountain  road. 

*  A  little  beyond  this  creek  a  road  to  West  Point  turns  off.  It  is  used  principally  bv  shei(|»  and 
cattle  herders.  Distance  as  follows:  Big  Meadow  Creek  to  Big  Meadow  Ranch,  1.39  miles:  Bifc 
Meadow  Ranch  to  Folsom  and  Hall's,  at  Hunter's  FUit,  16.17  miles ;  Folsom  and  Hall's  to  LUlie's 
Bancli,  3.71  miles;  LUlie's  to  West  Point,  6.34  miles;  total  distance,  21.61  mUes. 
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From  CalavertLS  Big  Tree  Grove  to  Murphy^ s,  Cal. — Atla»-aheet  Xo.  56  B, 


Distance  in  miles. 


I 

^3 


si  > 

I 


♦Calaveras  Grove 

Fourteen-mUe  House  - 
West  Point  road 


Ranch 

Half- Way  House.. 

f  Calaveras  Grove . 


Junction    

Moran's  Ranch. 


1.21  I 
L38 

2,16  I 
2.85  I 


1.21 
2.59 


4.75 
7.60 


*2  3 


I 


-  > 


Remarks. 


Flanders'  Ranch. . 

Half-WavHousH  . 

Half. Way  House  . 

Murphy's 


•I      2.10  1 
-I      1.04 
I  I 

1.30  1 
2,87  I 


2.10 
3.14 


4.44 

7.31 


8.11 


7.60  4,730     At  the  hotel. 

6.39  I I 

6.01  , Road  to  West  Point  via  Rail- 

I      road  Flat. 

2. 85  ' Wood,  water,  and  forage. 

i        3,358  '  Wood,    water,    and   forage; 

I      stage  station. 
4,730  ,  Hotel;  wood,  water,  pastor* 


7.31 


I 

5.21  I. 
4.17  , 

2.87  '. 


age,  and  forage. 


3, 984  I  Wood,  water,  pasturage,  and 
I      foi-Hge. 


Stage  station. 

At  blacksmith's  shop^  fork 
of  Altaville  and  Sonora 
roads,  i  mile  northeast  of 
post-ofiice. 


3,358  ! 
2,195 


*  Via  upper  road. 


t  Via  lower  or  Moran  road.    Both  routes  good. 


From  Murphy's  to  Sonora,  Cal. — Atlas-sheets  Noif.  56  B  and  56  2>. 


Murphy's  . 


Douglas  Fhit . 
Vallecito 


TraU  to  Natural  Bridge 

Parrott's  (formerly  Pandola)  Ferry 
Gold  Spring 


Columbia  Post  Office  . 

Donglasville 

Brown's  Flat 

Souora 


Distance  in  miles. 


L67 
2.49 


3.32 


2.27 
3.17 


a 

I 


L67 
4.16 


7.48 


9.75 
12.92 


1. 16  14. 07 

1.54  ,  15.61 

0.89  16.50 

L74  I  18.24 


I 
I 


1&24 

16.57 
14.08 

10.76 

8.49 
5.32 

4.17 
2.63 
1.74 


9  m 


Remarks. 


2,196 


1,748 


834 
%014 

2,157 


1,964  I 
1.816  I 


Mining    village;    at    black- 
smith shop. 
Do. 

City  post-office;  mining  vU- 
lage.    . 

Natural   bridges  on  Coyote 
Creek ;  i  mile. 

Soi^h  Fork  Stanishius. 

Old    miuing    village;    wood, 
water,  and  forage. 

Mining  town. 

Saloon. 

Miuing  town. 

At  post-office. 
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From  West  Point  to  Calavfraa  Big  Trees,  Cah— Atlas-sheet  No,  56  B. 


Distance  in  miles. 


West  Point 

Middle  Fork  Mokelnmne.. 

Fork  of  road 

Licking  Fork  Mokelnmne . 
Sontli  Fork  Mokelnmne . . . 

Bailroad  Flat*. 

Forks  of  road 


Sheep  Herder's  Cabin . 


Summit 

San  Antonio  Creek . 


Bii;  Tree  road 

Fourteen-Mile  House. 
Big  Tree  Hotel 


1.07 
1.68 
1.37 
0.72 
1.49 
0.30 

5.99 

5.06 
3.12 

0.57 
1.88 
1.21 


1g 


1.07 
2.75 
4.12 
4.84 
6.83 
6.63 

12.22 

17.27 
20.39 

20.06 
22.34 
23.55 


• 

I 


23.55 
22.48  I 
20.80  . 
19.48  j 
ia71  . 
17.22 
16.92  I. 

1L33  I. 


6.28 

3.16    : 


2.59  : 
1.21  , 


%  9 


2,749 
2,436 


2,196 

i'ioo' 


4.658 
3,848 


4,730 


Remarks. 


At  post-ofiBce. 

Bridge. 

To  Blue  Mount  City. 


At  post-office. 

Bight-hand  road  to  MoCarty's 

milL 
Wood,  water,  and  grass  in 

early  summer. 

Crossing  near  Dunbar's  old 
saw-mill. 


CiUaveras  Grove. 


From  Antelope  Springs  i 


Volcano f  CaL,  via  Antelope  and  Pine  Grove  Turnpike, — Atla^ 
sheet  No.  56  B. 


Distance  in  miles. 


01 

e 

<t 


6 

S 


I 

1 

5 


Remarks. 


Antelojie  Springs  .. 
Forks  of  the  road. 


Ranch 
Ranch. 


Harkness  Ruich 

*Road  forks  to  West  Point 

t  Foster's  Rimch 

Forks  of  the  road 


Volcano 

*  The  /Mowing  are  ihm  dtttanees  on 
the  West  Point  Fork  : 


Forks  of  the  road 

Divide  between  North  Fork  Mo- 
kelnmne and  South  Fork  Sutter 
Creek. 
Cro8siD«;  North  Fork  Mokelnmne 
West  Point  Post  Office 


0.32 

5.24 
1.27 

1.00 
1.89 
0.68 
1.84 


2.88 


0.32 

5.56 
6.83 

7.83 
9.22 
9.00 
11.74 


14.62 


0.39 


2.20 
3.80 


0.39 


2.59 
6.39 


14.62 
14.30 

9.06 
7.79 

6.70 
5.40 
4.70 
2.88 


4,272 


2,881 


2,075 


a39 
6.00 

3.80 


Right-hand  road  to  Drytown, 
Fiddletown,  &^.      . 

Watering-trough,  wood,  and 
and  forage. 


Wood,  water,  and  forage. 
Road  to  Volcano  forJ-s  to  the 

right  fh)m  Antelope  and 

Pine  Grove  roads. 


Leave   Antelope   and    Pine 

Grove  road. 
Road  forks  west. 


2, 091     Suspension  bridge. 
2, 749     Mining  village. 


t  Not  the  same  station  given  on  the  Amador  road. 
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From  ffiU^a  Cove  to  Mariposa  Road,  Cal^dtlas-iheet  JVb.  56  D. 


Distance  in  miles. 

1 
It 

< 

|| 

l! 

1 

1 

1 

Bemarka. 

Hite*s  Cove 

1 

ia29 

10.41 
9.34 
4.90 

Bobbio's  Ranch,  or  Snvdcr  Gnlch 

6.88  i"  5.88 
LOT  1      6.95 
4.44  :     11.39 
4.90  1     1A^90 

Saw-mill  on  Footman's  Gulch 

Snow  Creek 

Maiiposaroad 

260  yarda  eaat  of  Boot-Jack 
Ranch. 

Lists  of  distances  betweex  important  points  meandered  by  party  no.  I, 

C01X)RAI>O  SECTION,  DURING  1878. 

Fest*8  Ferry,  N.  Mex.,  to  Saint  John's,  Ariz.  ^ 

^Springerville,  Ariz.,  to  Milligan's  road,  Ariz. 
Springerville,  Ariz.,  to  Lnera  Spring,  N.  Mex. 
Ojo  Caliente,  N.  Mex.,  to  Fort  Tulerosa,  N.  Mex. 
Fort  Bayard,  N.  Mex.,  to  Mexican  Boundary,  via  Eoreka. 
Fort  Bayard,  N.  Mex.,  to  Mexican  Boundary,  via  La  Tenaja. 
Fort  Bayard,  N.  Mex.,  to  Las  Graces,  N.  Mex. 
Fort  Bayard,  N.  Mex.,  to  Palonias,  N.  Mex. 
Silver  City,  N.  Mex.,  to  Fort  Tulerosa,  N.  Mex. 
Saint  John's,  Ariz.,  to  Springerville,  Ariz. 
Alamillo,  N.  Mex.,  to  Fort  Bayard,'  N.  Mex. 

From  Fesfa  Ferry,  N,  Mex,,  to  Saint  John's,  Ariz.^Atlas-sheeis  Kos,  84^77,  and  76* 


Ftat's  Ferry  . 
Alamosa... 


(^  Caliente. 


Forks  (to  Patterson) . 

Divide 

North  Star  road 

Lnera  Spring  

Ensinoso 

Continental  Divide . . . 
Bito  Mangos   


RitaQuemada 

Forks  (to  Springville) . 
Salt  Lake 


Pond 

Tnle  Spring. 


Distance  in  miles. 


II 


22.50 
17.20 


a  70 
7.00 
5.50 
7.80 
16.50 
14.00 
6.20 


I 

£ 


t 
I 
a 


22.50 
89.70 


48.40 
55.40 
60.90 
68.70 
a5.20 
09.20 
105.40 


I 


13.68  '  119.08  ' 
21. 00     140. 08 
0.  50     140. 58  I 


179.47 
156.97 


139.77 


131.07 
124.07 
118. 57 
110.77 
94.27 
80.27 
74.07 

60.39 
39.39 


LaPflla... 
Saint  John's.. 


5. 00  I  145. 58  I    33. 89 
16.00  I  16L58  I    17.89 


4. 95     160. 53  I 
12.94  I  179.47 


12.94 


I 

II 

I 

53 


4.184 
5,177 

6,061 


6,464 
7.199 
7.174 
7,585 
7,204 
7,077 
7,310 

6,827 

'6,344 

6,472 

^861 


5,850 
5,650 


Remarka. 


Forty  and  fbrd  on  Rio  Grande. 
Mexican  town;   water   and 

grass :  wood  scarce. 
Hot  springs;  water,  wood,  and 

grass ;  Indian  reservation, 
wood  and  grass ;  no  water. 

Do. 
Crossing  of  dry  plain. 
Water,  wood,  ana  graas. 
Good  water,  wood,  and  grass. 
Fine  timber  and  grass;  no 

water. 
Mexican  settlement;  water, 

wood,  and  grass. 
Do. 
Wood  and  grasa. 
Sweetwater  spring  at  lake; 

wood,  and  grass. 
Water   most   of   the   year; 

wood  and  grass. 
Water  and  grass ;  wood  near 

Da 
Mexican  town;   water  and 
grass;  no  wood. 


The  grade  on  this  ronte  is  exoelle&t,  and  road-bed  generally  very  good,  with  little  sand.  Somewhat 
marshy  at  intervals  between  Rita  Qnemada  (where  the  Albuquerque  nt»ight  road  Joins)  and  Tule  Spring 
in  the  wet  season. 


Digitized  by 


Google 


2160 


REPORT  OP  THE  CHIEF  OP  ENGINEERS. 


From  Springervilley  Ariz.,  to  MilliganU  Road,  via  Lot  Lentes, — AtUu-sheets  yos.  76andS^, 


Settlement 
Stream 


Mexican  Ranch 
Iam  Lontes 


Paria'a  Sprins 
>Koad 


MiUlgau's 


Remarks. 


Becker's  Atoro. 

Ranches,  water,  wood,  and 
grans.   , 

Upper  ranch,  on  Nutrioso 
Creek. 

Fine  timber  and  spxting; 
water  near  on  either  side. 

np]>er  ranch  on  San  Francis- 
co River. 

Road  leaves  valley. 

Impasnaitle  for  wagons :  hills 
descending  to  stream ;  wa- 
ter, wood,  and  grass. 

"Wator,  wood,  and  grass ;  road 
in  poor  condition.  « 

Mexican  settlement;  water, 

wooil,  and  gmsn. 
Water,  wimmI,  and  grnss. 
Carrizo  Spring  0.5  mUe  to  t4ie 

east 


This  road  is  good  to  aettlement,  bat  little  nseil,  and  the  pretient  route  is  impracticable  between  settle- 
ment and  where  it  rejoins  river.    Good  from  Loa  Lentcs  to  MUIigan's  Road. 


From  Springervillef  Ariz,,  to  Luera  Spring,  X.  Mex.,  via  Milligan^s  Eoad. — Atlus-shcets  Noa. 

76,  H3,  and  84. 


Distance  in  miles. 


14 


0  ^ 
«  > 


Spriugerville I 

Coyote  Spring i      9. 10 

Cienega  Amarilla I    11. 31 

Oak  Spring  12.47 

Rancheria  Vieja ;      4.50 

Road  Junction I    10.40 


Apache  . 


5.10 


GalloSpring 4.90 

Forkrt  to  Tuleroaa 8. 90 

DiWde  and  forks 3.81 

Forks  (to  Patterson's) |  5. 46 

Hoiue  Spring 9.  30 

Rito  MAiigos  road |  23.00 

Luera  Spring 2.00 


9.10 

20.41 
32.88  I 
37.38 

47.78 


52.88 

57.78 
66.68 
70.49 
75.95 
85.25 
108.  25 
110.25 


a 


110.25  ; 
101. 15 

89.84  ' 
77.37 

72.87  , 

62.47 


57.37  I 

52.47 
43.  57  I 
39.76  I 
34.30 
25.00 
2.00 


Si 


Remarks. 


6,862 

6,  874  I  Water,  wood,  and  grass ;  road 

forks  to  Salt  Lake. 
7, 179     Water,  woo<l,  and  grass. 
7,741  Do. 

7,300  I  Water  scant;   0.5  mile   up 

I      cafion  wood  and  grass. 
7, 220  ,  Carrizo  Spring  0 . 5  mile  nn  east 

drain,  at  junction  or  dry 

drain  of  Apache  Creek. 
7,324     Water,    wood,    and    grass; 

Mexican  settlement. 
7,587  ,  Do. 

7, 174  I  Through  northern  caflon. 
7, 155     Upper  i-oad  to  Tulerosa. 
6,912  I  Dry  plain. 
7,045  '  Ranch;  water  and  grass. 

, Wood  and  grass. 

7,585  I  Water,  wo<S,  and  grass. 


Road  in  good  condition  for  wagon  train,  with  the  exception  of  a  short  piece  between  Apache  aad  the 
Gallo;  this,  however,  may  be  avoided  by  takiug  the  road  to  the  left  at  '^Road  Junction  ^  and  passinz 
by  way  of  Carrizo  Spring,'join  the  main  road  1  mile  before  reaching  the  Gallo.  This  route  wUl  oe  found 
to  be  a  shorter  distance  by  about  2  miles  than  the  one  given. 
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From  Ojo  Caliente  to  Fort  Tulerosa  {abandoned)j  N,  Mex.—Atlas-sheeta  Xoa.  84  and  83. 


Distance  in  miles. 


11 

II 


i 

o 

1^ 


Remarks. 


OJo  Caliente 

Forks 

Winter  Spring  . . 

North  Star  road . 
Water-hole 


Forks 

Water-hole . 


San  Angnstin  Plain . 
Patterson's  Eanch. . . 
Continental  Divide. . 


Fort  Tulerosa . 


a  70 

4.30 

4.00 
2.00 

aso 

6l80 

6.50 
10.50 
4.16 

&50 


8.70 
13.00 

17.00 
19.00 

19.50 
26.30 

32.80 
52.30 
56.46 

64.96 


64.96 
56. 26 
61.96 

47.96 
45.06 

45.46 
38.66 

32.16 
12.66 
8.50 


6,081 
6,464 

7,182 

7,825 
7,416 

7,464 
7,336 

6,780 
6,720 
6,912 

6,612 


Indian  agency. 

Wood  and  grass;  no  water. 

Water  scarce;  wood  and 
grass  plenty. 

Wood  and  graas. 

Fine  grazing;  wood;  water 
not  permanent 

Leaves  North  Star  road. 

Grass;  little  wood;  water  in 
wet  season. ' 

Fine  grazing,  east  side. 

Water  and  grass. 

Forks,  npper  road;  water, 
wood,  and  grass. 

Old  post;  Mexican  settle- 
ment. 


Good  road  with  the  exception  of  a  st«ep  hill  between  Forks  and  Water-hole.    Intersection  of  Horse 
Spring  road,  10  miles  from  Patterson's. 


From  Fort  Bayard,  N,  Mex.,  to  Alexican  Boundary ^  via  Eureka^^Atlas-aheets  Nos.  84 

and  90. 


Distance  in  miles. 


ft 

u 


i 

f4 


i 


I 


Remarks. 


Fort  Bayard.... 
Apache  Tc^o  . 

Davis  Ranch . 
Cow  Spring . . 

Forks 

Eureka 


LaLacha 

Mexican  Boundary . , 


11.20 

0.80 
15.75 

0.40 
38.30 

3.53 

22.20 


1L20 

12.00 
27.75 
2a  15 
66.45 

69.98 

92.18 


92.18 


80.18 
64.43 
64.03 
26.73 

22.20 


6,068 
5,478 

5,405 
5,001 
4.976 
4,746 

4,756 


Warm  spring;  good  water 
and  grass;  no  wood. 

Water  and  grass ;  no  wood. 

Water  and  erass. 

To  CarrisilJo  Spring. 

Well;  water  scarce;  grass; 
no  wood. 

Spring;  good  water;  grass; 
little  wood. 

Dry  plain;  grass;  no  wood. 


Between  Davis  Ranch  and  Cow  Spring,  road  crosses  a  number  of  dry  ravines  and  is  somewhat  broken. 
The  bed  is  good  except  a  short  miry  piece  in  drain  from  Silver  City.  Good  grass  is  found  between  Cow 
Spring  and  Rureka,  but  no  wood  except  occasionally  mesquite,  soap  weed^  or  cactus.  From  tne  Mexican 
Boundary  to  Mesquite  Spring  the  distance  is  3.8  miles. 

136  E 
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From  Fori  Bagardy  X.  Jfcc,  to  Mexican  Boundarg.—AtUu^keeU  Xob.  84  and  90. 


DUtaiici^  in  mile«. 


U  !   I 


=1 
'  It 

If 


Fort  Bayard ! 

Cow  Spring 27.75      27.75 

LaTen^ja I    32.30      60.05 

CarriEiUo  Spring !    laoo      70.05 

Mexican  Boundary >      &75      75.80 


^  j: 


Bemarka. 


75. 80  6, 068 

48.05  I       5,001  !  Water  and  grass;  nowocd. 

15.75,1       4,701  [  Water    scarce;     wood    and 


6.75  I 


I      gra««- 
4, 457     Water  and  grass;  no  wood. 
'  Dry,  grassy  plain. 


An  old  and  macb  traveled  road  to  Chihnahna.   Bed  very  good.   From  Mexican  Boundary  to  Mesqnito 
Spring,  eighteen  miles;  water  holes  five  miles  across  the  boundary. 


F^om  Fort  Bayard  to  Las  CruceSj  X,  Mex, — AtUu^keei  Xo,  84. 


Distance  in  miles. 


I 

S 


e 

J 

a 


Fort  Bayard i i  10L20 


Hot  Springs I  9.50 

Miembres j  6.00 

Old  Fort  Cummings !  19.50  i 

Slocnm 81.10  I 

Forks* 6.00  ' 


20.70  I 

25.70 

45.20 

76.30 
8L30  , 


90.00  I 
80.50  I 
75.50 


56.00 


I 


24.90  ' 
10.90  I 

4.20 


§-3 

«s  > 
e 

•Si 


I 


6,068 
5,478 

5,008 

4.920 

4,840 

4,519 
4,596 

8,784 

3,797 


Bemarks. 


Picacho  Crossing i    15.70  1    97.00 

LasCruces 4.20     101.20  | 

. i       I       I ^ 

This  is  the  stage-route  fh>m  the  Rio  Grande  to  Fort  Bayard 

*  Freight  trains  that  go  over  the  Jornada  del  Muerto  can  cross  at  Fort  Seldon  by  the  ferry  and  join 
stage-nmd  at  the  Forks  11.07  miles  distant. 


Warm   spring;   good  water 
and  grass. 

Government   agency;    good 
water  and  grass. 

Town   and   crossing;    good 
water  and  grass. 

Government  agency;    good 
water  and  grass. 
Do. 

Near  Fort  Selden ;  dry  conn- 
try;  no  wood. 

Forn  of  Rio  Grande;  danger- 
ous; quicksand  bottem. 

Town  and  post-office;  gor- 
emment  agency. 
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From  Fort  Bayard  to  Palomas,  N.  Mex. — Atlas-sheet  No,  84. 


Distance  in  miles. 


h 
!i 

IS 


I 

I 


I 


I? 

3 
5 


Fort  Bayard 

Santa  Rita 

Magruder's 

Crossing  of  Rio  Himbres  . 

Forks  of  trail 

^'ine-mile  Caflon 


^'^"-^ 


Creek, 


Be  rend 

Road 

OakSprin/? 

Apache  Cienega 

Hillsboro 

Animas  River  (trail) . 
Palomas 


6.00  I 
9.00 
10.50  I 
1.27  1 
3.80  I 

&00  I 
3.65  > 
5.80  , 
4.80  ! 
1.68  ! 
4.24 
10.66 
11.60 


6.00 
15.60 
26.10 
27.87 
31.17 


40.07 
43.72  ' 
49. 52  i 
54.32.1 
56.-00  , 
60.24 
70.90  I 
82.40  1. 


82.40 
76.40 
66.80 
56.30 
55.03 
51.23 

42.33 
38.68 
32.88 
28.08 
26.40 
22.16 
11.50 


6,008 
6,161 
6,811 
5,355 
5,442 
5,413 

6,223 
5.489 
5,047 
5,243 
5,291 
5,224 
4,470 
4,127 


Remarks. 


Government  post. 

Settlement;  covper  mines. 

Reduction  works. 

Bad  in  wet  season. 

On  bluff. 

Wat«r  in  wet  season ;  wood 

and  grass. 
Water,  wood,  and  grass. 

Do. 
Grass ;  little  water  and  wood. 
Good  water ;  w^ood  and  grass. 
Water  and  grass :  no  wood. 
Miuiugtown;  gold. 
Water,  wood,  and  grass. 
Mexican  town  on  Rio  Grande. 


Good  road  and  easy  grades  to  forks  of  trail  and  road  beyond  the  crossing  of  the  Miembres.  The 
route  is  then  by  trail  to  where  it  meets  the  Hillsboro  road.  1.75  miles  to  north  of  McEver's  Ranch. 
¥Tom  Hillsboro  to  Palomas  the  rout^^  is  by  trail  across  the  plains. 


From  Silver  Ciiy  to  Fort  Tulerosa  {ahandoned)f  N.  *Mex.— Atlas-sheets  Xos,  84  and  83. 


SilverCity 

Old  sawmill 

Walnut  Creek 

Bear  Creek 

Upper  Gila 

Patterson's  Ranch  . 

Springs 

Spring 


Whitewater  Creek  . 


Ranch 

San  Francisco  River 

Do 

San  Francisco  (lower)  plaza  . . 

San  Francisco  (middle)  pla«i . 

San  Francisco  (upper)  plaza  . . 

Fort  Tulerosa  (abandoned) 


Distance  in  miles. 


11  i 

9  V 

u 


i  t< 

I   i 


Remarks. 


53  I 


8.25 
4.25 
&15 
8.75 
5.10 
2.30 


a  25 
12.50 
20.65 
29.40 
34.50 
36.80 


120.95 
112. 70 
108.45 
100.30 
91.55 
86.45 
84.15 


I 


13. 75   50.  55  I  70. 40  I 


12. 15   62. 70  i  5a  25 


6.50  '  69.20  I 

3.  00  I  72. 20 

8. 00  I  80.  20  , 

15. 41  I  95.  61 

2.45  I  98.06  ' 

2. 14  i  100. 20 

20.75  ,  120.95  ,. 


51.75  ' 
48.75  , 
40. 75  I 
25.34 

22.89  I 
20.75 
1 


5,771  i  Mining  town  and  post-office; 

population,  1,400. 
6,042     Wood,    water,    and    grass; 

I      road. 
5,550  ,  Wood,    water,    and    grass; 

I      trail. 
4, 737     Dry    bed;    rough   country; 

wood  plenty ;  trail. 
4,428     Settlement;  wood, water,  and 

grass;  traiL 
4,590     W^gon  road;  fine  grazing; 

cottonwoods. 
4,697     Head  Creek;    cottonwoods; 

fine  grazing. 
4, 168     Good  water  200  yards  down 

gulch;    little   wood;    fine 

grazing. 
4, 678     Settlement ;  water,  wood,  and 

grass. 
4, 863     Meadows;  wi  ter  and  grass. 
4, 944     Crossing. 
6,168     Return  to  river. 
5, 639     Mexican  town ;  woo<1,  water, 

and  grass. 
5. 638  Do. 

5, 688  Do. 

6, 612  Do. 


This  route  intersects  the  mun  wagon  route  to  Tulerosa  at  Patterson's  Ranch,  whicli,  from  Silver 
City,  passes  by  Mangos  Spring  and  old  Fort  West,  and  is  about  four  mileH  longer  than  the  roiUe  give  n. 
From  Whitewater  the  road  has  been  little  used,  and  that  portiou  which  is  in  the  cafion  of  the  San  Fran- 
cisco, between  San  Francisco  River  and  lower  plaza,  is  almost  inipasMable  for  wagons. 
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From  Saint  John^a,  to  Springerville,  Ariz. — Atlas-akeet  Xo,  76. 


Distance  in  miles. 

Altitude  in  feet  above 
sealevel. 

) 

ad 

i 

i 

Bemar^"!- 

St  John's 

8L80 

25.30 
20.30 

16.30 
13.80 
12.15 

5.650 

5,772 
5,807 

5.875 
6,034 
6,967 
6,862 

Mexican  town  on  Little  Col- 

rhri»wHl'ft  Kftnch 

6.50 
6.00 

4.00 

2.50 

1.65 

12.15 

6.50 
1L50 

15.50 

laoo 

19.65 
31.80 

orado;   water  and  giaaa; 

no  wood. 
Three  springs;  alkali  water. 
Water,    wood,    and   graas; 

Mexican  ranch. 

I>0. 

Tule  SDrin£8 

Ford 

Tisil^s  Banch 

Bo. 

Ford 

Do. 

Sptingerville 

Becker's  store  and  noat-offioe. 

Boad  hilly  in  parte,  but  generaUy  good,  and  follows  np  the  LitUe  Colorado  Biver. 
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From  AlamWo  to  Fort  Bayard^  K.  Mex,,  via  GeorgetotTH.—AiJaa-theeis  Xoa,  77  and 84. 


Distance  in  miles. 


1. 


I  i 

^  ! 

1 

•^ 

& 

Q 

Q 

i 

1 

AlAmillo  . 


San  Lorenso  Spring I  7.87 

Pueblo  Spring 17.61 

Monica^ring '  19i48 

Banning  stream i  2.50 

Point  of  Rocks I  11.83 

t 

Forks  (Ojo Caliente) i  C83 

Water  hole 10.21 

Forks  (Patterson's  Ranch) 0. 50 


Spring 

Shaw's  Ranch . 
Springs 


11.25 
2.10 


181.87 


7. 37  174. 50 

24.98  156.89 

44.46  '  137.41 

46. 96  134. 91 

58. 79  I  123. 08 

65. 12  !  116. 75 

75.33  I  106.54 

75. 83  I  106. 04 


87.08 
89.18 


ia40  I  102.58  I 


Mai  Pais  Creek. 
Gila  River 


8.20 
6.34 


110.  78  I 
117. 12 


Agate  Creek 

Black  River 

RockvCafion 

Willow  Creek 

McKnight's  Ranch . 


Forks  (to  Magmder's) . 
Georgetown 


Santa  Rita 

Forks  (to  Santa  Clara). 

San  Jos6 

Fort  Bayard 


4. 18  I  121. 30  I 
14. 90     136.  20 
6.65     142.85  , 
5.58  I  148.43  ' 

9. 74  '  158. 17  I 

a  15  '  166. 32  ' 

3. 50  I  160.  82  , 

I 

&  10     175. 92  I 

3.10     179.02 
1.35     180.37  I 
1.50  !  181.87 

I  t 


94.79 

92.69 

79.29 

71.09 
64.75 

60.57 
45.67 
39.02 
33.44 
23.70 

15.55 
12.05 

5.95 

2.85 
L50 


4,600 

5,326 
6,398 

7,602 

7,740 

7,178 

7,174 
7,416 

7,464 

7,291 

7,256 

6,927 

6,593 
6,188 

6,329 
6,702 
7,595 
7,344 
6,237 

5.864 
6.455 

6,161 

5,857 
6,028 
6.068 


Remarks. 


On  Rio  Grande;  water,  wood, 

and  grass. 
Water,  wood,  and  grazing. 
Water  and   graz&g;    Uttle 

wood. 
Good  water ;  wood  and  grass 

abundant. 
Water  in  wet  season ;  wood 

and  grass  plenty. 
Water  in  wet  season;  fine 

gnudng  and  wood. 
Dry  praurie. 
Water  in  wet  season;  wood 


and  grass  plenty. 
Road  from  Oio  Caliente  to 

San   Augastin    plain  and 

Patterson's  Ranch. 
0.5  mile  east  of  road;   line 

(crazing. 
Fme  waterand  grazing;  wood 

abundant. 
Old  Camp  Sherman;  water, 

wood,  and  grass. 
Water,  woo^  snd  grass. 
Old  Camp  Vincent;  junction 

Warm  Spring  Creek. 
Bad  crossing  in  wet  season. 
Water,  wood,  and  grass. 
Do. 
Do. 
Water,  wood,  and  grass;  0.5 

mile  from  Mimbres  River. 
Wood,  water,  and  grass. 
Mining  town ;  wotra  and  wa- 
ter. 
Copper  mines;  wood,  water 

and  grass. 

Goldmines:  arrastra. 
(]tovemmentpoet;  post-office 


The  greater  part  of  this  route  is  along  the  North  Star  road,  which  leaves  the  Rio  Grande  near 
the  mouth  of  the  Puerco  River,  and  passing  by  O^jo  de  la  (Guinea  Joins  this  route  near  the  north  point 
of  Madelena  Mountains,  where  ther  oad  from  Socorro  also  Joins.  At  Point  of  Rocks  the  road  forka  to 
Luera  Spring,  distant  16  miles.  From  forks  (Ojo  Caliento)  to  Qjo  Caliente  the  distance  is  21.20  miles. 
Qjo  Caliento  to  Shaw's  Ranch,  partly  by  road  and  partly  by  trail,  the  distance  is  18.8  miles.  Below  old 
Camp  Sherman  the  road  is  in  a  closed  marshy  cafion  for  about  two  miles ;  road  follows  down  Gila  River 
one  mile,  up  bed  of  Black  River  one  mile,  after  crossing.  The  distance  can  be  shortened  several  miles 
by  taking  trail  to  left  at  Agate  Creek  and  loin  road  again  on  high  ridge  to  south ;  distance  by  trail  4.66 
miles.  Down  Rocky  Cafion  for  four  miles  the  road  is  very  bad  and  almost  impassable  for  wagons.  Farm- 
ing settlements  along  Mimbres  River  between  McKnight's  and  Magmder's. 

MINING  NOTES. 

The  overground  survey  of  the  Washoe  mining  region  was  carried  to 
completion,  the  data  for  the  contouring  of  the  southeast  corner  having 
been  secured  early  in  the  season.  The  remaining  examinations  were 
confined  to  air  velocities,  volumes  and  temperatures  in  some  of  the 
more  imi)ortant  shafts,  various  levels,  and  in  the  Sutro  Tunnel.  Collec- 
tions from  the  ore  channels  and  country  rock  were  made  from  shafts, 
drifts,  and  tunnels,  as  circumstances  i>ermitted. 

Eock  temiieratures  now  being  made  at  a  few  of  the  main  shafts  show 
present,  and  promise  future  interesting  results.    The  contour  maj),  drawn 
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to  a  scale  of  1  inch  to  500  feet,  is  completed.  The  map  will  serve  as  a 
basis  for  engineering  calculations,  and  also  for  delineation  of  the  results 
from  such  farther  study  of  the  ore-bearing  channels  and  rocks  of  this 
region  as  may  be  made  from  time  to  time. 

The  outline  map,  herewith,  shows  the  location  and  surface  extent  of 
all  the  mines  for  which  patents  have  been  issued,  as  given  by  a  list  re- 
ceived from  the  Land  Office,  up  to  the  date  statea  on  its  face,  together 
with  a  number  of  others  now  on  the  records  of  the  General  Land  Office, 
and  for  which  application  for  patent  has  been  made.  This  map  will  be 
printed  also  in  curves,  giving  differences  of  elevation  of  50  feet.  The 
relative  and  positive  elevations  of  all  working  shafts  are  noted,  the  posi- 
tion of  mills,  mining  settlements,  and  their  approaches,  together  with 
croppings,  &c.  This  map  illustrates,  in  a  measure,  the  application  of 
the  surface  claim  of  the  last  mining  law,  and  shows  clearly  cases  where 
litigation  may  readily  arise,  especially  on  account  of  varying  angles  of 
the  side  lines  of  adjoining  claims,  and  because  vertical  places  passed 
through  the  end  lines  of  adjoining  claims  may,  in  instances,  either  inter- 
sect or  enter  the  adjoining  claim  at  given  depths  along  tne  dip  of  the 
lode.  This  is  the  more  marked  in  the  locations  made  along  the  eastern 
line  of  crop,  which  is  usually  but  poorly  defined. 

•  This  map  further  illustrates  the  comparatively  small  amount  of  ground 
that  the  government  parts  title  with  in  granting  patents  for  mining 
claims.  A  transcript  has  been  kept  of  the  progress  of  the  underground 
work  of  the  district,  and  traced  copies  of  the  maps  secured  to  keep  up 
the  set,  showing  the  extent  of  the  mine  explorations,  and  also  the  progress 
of  the  Sutro  Tunnel,  that  has  now  tapped  the  vein  proper  and  is  em- 
ployed as  a  means  of  drainage. 

The  material  at  hand  is  sufficient  upon  which  to  base  cross-sections  at 
the  most  prominent  points  along  the  vein,  the  horizontal  sections  of  all 
the  working  levels,  and  a  vertical  section  along  the  whole  lode. 

I  desire  again  to  advert  to  the  courtesy  shown  by  Messrs.  James  and 
Wrinkle  and  Messrs.  Craven,  Hoffman,  and  Gignoux,  all  mineral  sur- 
veyors of  Virginia  City,  while  myself  and  parties  have  been  engaged  in 
gathering  data  for  the  surface  maps  and  the  below-surface  workings  of 
the  Comstock  mines. 

The  contour  map,  together  with  the  above  sections,  afford  sufficient 
material  upon  which  to  base  a  relief  model,  showing  the  shape  of  the 
surface  and  the  relative  positions  thereto  of  the  underground  workings. 

A  condensation  of  notes  made  at  a  number  of  mining  districts  in  the 
usual  form  is  herewith : 

1U1>GE   BAR  MINING   CAMP,    KERN  COUNTY,   CALIFORNIA. 

[From  notes  by  Lieut.  WiUard  Young.] 

This  camp  had  not  been  regularly  organized  into  a  district  in  Septem- 
ber, 1878,  the  time  of  our  visit.  It  is  situated  in  the  Kem  Kiver  Caiion, 
about  five  miles  above  the  mouth. 

The  claim  covers  about  160  acres,  and  consists  principally  of  a  large 
gravel  deposit,  forming  a  ridge  nearly  parallel  to  the  river  and  directly 
in  the  bed  of  the  old  stream.  Tlie  camp  gets  its  name  from  this  fact 
It  was  first  discovered  in  April,  1878,  and  has  been  worked  continuously 
since.  The  post-office  is  Bakersfield,  distant  about  25  miles.  The  coun- 
try rock  in  the  vicinity  and  above  is  granite.  There  are  two  claims  now 
being  worked,  the  Enterprise  and  the  Chinaman.  A  ditch  and  flume, 
about  3J  miles  in  length,  are  being  constructed,  to  carry  the  water  of 
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Lucas  Creek  to  these  claims,  which,  when  completed,  will  furnish  about 
2,000  miner's  inches  of  water.  Two  thousand  five  hundred  dollars  have 
already  been  expended  on  this  work,  and  it  is  estimated  that  it  will  take 
$1,500  more  to  finish  it.  Ijabor  costs  about  $2  for  white  men  and  $1.25 
for  Chinamen,  per  day.  Hay  costs  1  cent  and  barley  2  J  cents  per  pound. 
They  are  brought  from  Bakersfield.  ,  There  is  plenty  of  wood  and  grass 
in  the  vicinity.  About  25  men  are  now  at  work.  Country  roads  are 
very  bad.  Deer,  bear,  quail,  and  grouse  are  found  in  the  neighborhood. 
The  gravel  is  said  to  be  quite  rich,  and  it  is  estimated  that,  by  ground-  . 
sluicing,  one  man  can  wash  out  $10  per  day. 

8AN  GABRIEL  DISTRICT,   LOS  ANGELES  COUNTY,   CAUFORNIA. 

[From  notes  by  Lieut.  WiUard  Young.] 

This  district  comprises  the  whole  mountain  region  drained  by  the  San 
Gabriel  River.  It  was  first  discovered  in  1852,  by  Captain  Hanegar  and 
IVIr.  Thos.  Driver.  Little  or  nothing  was  done  until  1858;  but  since  this 
time  the  district  has  been  worked  continuously.  The  post-office  is  Azusa, 
a  small  town  near  the  mouth  of  the  cafion.  From  the  main  mining  camp^ 
twelve  miles  up  the  canon,  to  the  railroad  at  San  Gabriel  Mission  is 
about  33  miles.  No  geological  investigation  has  been  made,  except 
along  the  cailon  for  about  3  miles  above  its  mouth  to  the  Winston  Sil- 
ver Mine,  which  was  visited  by  Professor  Marcou  in  1875. 

The  principal  work  now  being  done  is  on  the  placer  mines  along  the 
river,  there  being  some  hundr^  or  more  claims  located ;  and  on  two 
hydraulic  claims,  comprising  large  tracts  of  gravel  banks,  with  ditches 
and  flumes  to  convey  the  necessary  water.  These  latter  have  been  in 
operation  ^nce  1874,  the  gravel  deposits  being  some  80  feet  in  depth, 
and  from  100  to  200  feet  above  the  present  river  bed.  These  deposits 
are  almost  inexhaustible,  and  will  aiibrd  employment  to  the  present  own- 
ers and  workers  for  years  to  come.  There  are  several  veins  in  the  vicinity 
of  the  Winston  Mine  now  being  worked,  all  yielding  silver  ore  5  but  noth- 
ing definite  could  be  ascertained  as  to  their  extent  or  richness.  The  char- 
acteristics of  the  ores  are  the  same  as  those  at  the  Winston,  which,  in 
their  composition  and  in  the  manner  in  which  they  are  found,  are  said 
to  resemble  very  closely  the  rich  silver  ores  of  Virginia  City,  Nev.  All 
assays  thus  far  have  shown  the  presence  of  gold.  The  amount  of  money 
expended  in  constructing  ditclies  and  in  machinery  and  labor  for  the 
hydraulic  claims  is  about  $32,000.  Amount  of  gold  extracted  per  annum 
fjx)m  these  claims  about  $12,500.  Expended  on  Winston  Mine,  $8,000, 
principally  in  running  tunnels  and  shafts.  Little  or  no  returns  have 
yet  been  realized. 

The  placer  mine«  have  been  worked  principally  by  Mexicans,  and  it  is 
impossible,  on  that  account,  to  obtain  any  statistical  information.  It  is 
believed,  however,  that  the  total  amount  of  gold  produced  from  these 
mines  since  1858  will  exceed  $2,000,000. 

Timber,  in  considerable  quantities,  abounds  in  the  entire  district,  with 
large  pineries  on  the  northern  and  eastern  boundaries.  Tlie  district  is 
well  watered  by  the  San  Gabriel  Eiver  and  its  tributaries,  which  afford 
water  in  sufficient  quantity  for  hydraulic  mining  and  milling  puri>ose8. 
The  road  up  the  cauon  is  very  rough.  Deer,  bear,  quail,  wild  pigeons, 
and  gray  squirrels  abound.  There  are  now  about  150  inhabitants  in  the 
district.  Hay,  grain,  and  farm  produce  are  easily  obtained  from  the 
San  Gabriel  Valley.    Labor  costs  $2  per  day. 
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8AN  ANTONIO  DISTRICT,  SAN  BERNARDINO  COUNTY,   CALIFORNIA. 

[From  notes  by  Lieut,  Willard  Young.] 

This  district  comprises  the  country  drained  by  San  Antonio  Creek.  It 
was  first  organized  in  1872,  and  was  reorganized' in  October,  1878.  But 
Tery  little  work  has  been  done  in  this  district  since  its  first  discovery. 
The  post-office  is  Cucamongaj  and  Cucamonga  Station^  distant  11  miles, 
is  the  nearest  railroad  point.  Ko  geological  investigation  has  been 
made.  Mineral  croppings  are  found  in  the  canon  on  either  side  of  the 
creek  ^  and  one  ledge  is  situated  near  the  summit  of  San  Antonio  Peak. 
None  of  them  have  yet  been  develoi)ed  to  any  extent.  The  principal 
mines  are  the  Shell  Bark,  Gilbert,  and  Elmore,  all  placers ;  and  the 
Clark,  near  the  summit  of  San  Antonio,  and  the  Bed,  White,  and  Blue, 
on  the  east  side  of  the  canon,  both  quartz. 

I  was  unable  to  find  out  the  composition  of  the  ores  of  the  Clark  and 
other  vein  mines.  Eich  placers,  just  discovered  in  the  bed  of  the  creek, 
gave  new  life  to  the  work  there,  and,  as  a  consequence,  locations  have 
been  made  along  the  creek  for  nearly  its  whole  length.  Nothing  of  any 
oonsequence  had  been  done  up  to  the  time  of  our  visit.  Labor  costs  $2 
per  day.  Hay  1  cent  and  barley  1 J  cents.  These  and  farm  produce,  &c., 
are  easily  obtained  from  Cucamonga  and  the  valley  below.  Wood  and 
water  are  abundant ;  grass  only  m^erately  so.  Game  is  scarce,  though 
deer,  mountain  sheep,  pigeons,  and  quail  are  found. 

The  district  will,  I  think,  never  be  of  any  great  importance. 

HOLCOMD  VALLEY  DISTRICT,   SAN  BERNARDINO  COUNTY,   CALIFORNIA. 

[From  notes  by  Lieut.  Willard  Young.] 

This  district  was  first  discovered  in  1860,  by  William  Holcomb,  and 
was  organized  in  the  spring  of  1861.  It  has  been  worked  continuously 
since  that  time.  The  post-office  is  San  Bernardino,  distant  by  trail  40 
miles,  and  by  wagon-road  75  miles.  A  good  road  runs  from  Cajon  Pass 
to  the  district.  It  is  situated  in  the  mountains,  north  by  northwest  froiji 
San  Bernardino  Mountain,  and  is  bordered  on  the  north  by  the  Mojave 
Desert ;  on  the  south  by  the  Santa  Ana  Eiver ;  on  the  east  by  Bear 
Valley  5  on  the  west  by  the  desert  hills,  near  the  forks  of  the  Mojave 
River.  The  district  is  about  10  miles  square,  and  mineral  croppings  are 
found  pretty  nearly  over  the  whole  area.  No  special  geologicfld  investi- 
gations are  known  to  have  been  made. 

The  general  trend  of  the  mountains  in  the  vicinity  is  from  west  to 
east,  with  spurs  running  from  north  to  south.  The  mining  ledges  are 
situated,  some  near  the  top  of  the  mountain,  and  others  in  cailons  and 
on  both  the  north  and  south  slope  of  the  mountains.  The  general  di- 
rection of  the  lodes  is  a  little  north  of  west,  except  at  the  Green  Lead 
Mine,  where  it  runs  from  north  to  south.  The  wall  rock  is  granite,  with 
a  dip  of  40^  to  45^  towards  the  south.  IS  ear  the  Green  Lead,  which  is  to- 
wards the  western  boundary  of  the  district,  the  country  rock  is  lime- 
stone and  granite.  In  Holcomb  Valley  proper  the  rock  is  entirely  gra- 
nitic. The  gold  ores  at  Holcomb  Valley  yield  from  $7  to  $80  per  ton  and 
are  worked  by  the  ft^e  process.  The  silver  ores  are  smelted.  There  are 
a  great  many  placer  claims  here  also.  The  ore  from  the  Green  Lead  is 
roasted.  At  Holcomb  Valley  the  water  level  has  been  reached  at  about 
100  feet,  more  sulphurets  being  found  below  than  above  this  level.  At 
the  Green  Lead,  water  level  was  reached  at  about  300  feet,  but  n6 
chan  ge  in  the  ore  was  noted .    At  Holcomb  Valley  the  gold-bearing  quartz 
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and  the  placers  are  found  on  the  south  side  of. the  main  mountain  ridge. 
The  silver  and  lead  bearing  veins  are  on  the  north  slope  of  this  ridge, 
towards  the  desert.  The  average  yield  from  the  latter  is  about  $40. 
They  have  not  been  much  developed.  The  ore  from  the  Green  Lead  is 
worked  for  gold  only,  but  it  contains  some  silver  and  a  great  deal  of 
copi)er. 

There  was  no  work  being  done  in  the  district  at  the  time  of  our  visit, 
except  by  a  few  Spaniards  at  some  of  the  placers.  There  are  a  sawmill 
and  a  stamp-mill  here,  both  run  by  a  10-horse-power  engine.  The  stamp- 
mill  has  five  stamps  of  750  pounds  each.  A  10-stamp  mill,  without 
furnace,  would  cost,  with  transportation  and  putting  up,  about  $12,000. 

Mining  the  ore  costs  about  $7  per  ton :  milling  Sie  ore,  $7  per  ton ; 
mining  labor  per  day,  $3;  milling  labor,  $3,50.  Ore  that  can  be  stoped 
by  one  man  in  one  day,  about  one  ton;  amount  that  can  be  ex- 
tracted by  one  man  in  one  day^  about  one-half  ton.  Cost  per  foot  for 
running  a  tunnel,  $8 ;  for  sinking  a  shaft,  $15.  Hay  costs  1 J  cents ; 
barley  4  cents.  Tliere  are  no  facilities  for  raising  farm  produce;  present 
source  of  supply,  San  Bernardino.  There  is  plenty  of  timber  everywhere. 
Water  is  found  only  in  wells.  Number  of  inhabitants  in  the  district,  15. 
Freight  costs  2  cents  per  pound.  Game  is  scarce.  Country  roads  good. 
Principal  mining  companies  and  property  holders  are,  the  Holcomb 
Valley  Mining  Company  (limited),  London,  England;  and  the  Green 
Lead  Mining  Company,  Los  Angeles,  Cal. 

BEAR  VALLEY  DISTRICT,  SAN  BERNARDINO  COUNTY,  CALIFORNIA. 

fFrom  notes  by  Lieut.  Willard  Young.] 

The  Bear  Valley  district  is  situated  immediately  east  of,  and  adjoin- 
ing the .  Holcomb  Valley  district,  of  which  it  used  to  form  a  part.  It 
was  organized  in  1873,  and  since  that  time,  has  been  worked  continu- 
ously. San  Bernardino  is  the  post-office  and  general  depot  of  supply. 
It  is  distant  50  miles  by  trail  and  80  miles  by  wagon-road.  The  mining 
ledges  here^  as  at  Holcomb,  are  situated  in  caiions,  along  the  foot-hills, 
and  near  the  tops  of  the  mountains.  The  veins  generally  run  with  the 
country  rock.  Wall  rock  is  granite  and  slate.  There  are  good  evidences 
of  permanent  veins.  All  the  ore  is  gold  quartz,  worked  by  the  wet  pro- 
cess, and  yields  about .  $20  i>er  ton.  The  principal  mines  are  the  Gold 
Mountain,  which  has  a  shaft  of  50  feet,  and  three  tunnels,  one  of  300 
feet  and  two  of  100  feet,  each;  the  Memphis,  worked  only  on  the  sur- 
fiace,  the  vein  being  about  600  feet  wide;  and  the  Last  Chance,  worked 
only  on  the  surface,  vein  60  feet  wide. 

A  few  years  ago  there  were  several  hundred  inhabitants  here,  and 
quite  aflourishing  town  sprang  up.  It  is  now  pretty  nearly  deserted.  At 
present,  there  is  one  5-stamp  mill  in  working  order,  the  stamps  weigh- 
ing 350  pounds  each.  It  is  of  but  little  value,  and  cannot  work  up  more 
than  two  tons  of  ore  i>er  day.  Most  of  the  ore  in  the  district  is  worked 
in  arrastras,  run  either  by  horse  or  water  power.  The  ore  can  be  mined 
for  about  $3  i>er  ton.  Milling  costs  $10  per  ton.  Labor,  forage,  pro- 
duce, &c.,  the  same  as  at  Holcomb  Valley.  Number  of  inhabitants  in 
district,  about  thirty.  Freight  costs  2  cents ;  country  roads  good.  Deer^ 
geese,  and  ducks  are  the  principal  game.  There  is  a  store  in  the  town 
of  Bear  Valley,  supplying  dry  goods,  groceries,  and  provisions.  About 
$215,000  have  been  expended  by  the  Gold  Mountain  Mining  Company^ 
principally  on  the  mill,  now  burned  down,  and  in  improving  the  country 
roads.  They  have  realized  about  $30,000  in  bullion.  The  Memphis 
Company  have  expended  $3,000,  and  have  taken  out  $2,000.  The  Last 
Chance  have  expended  $2,000,  and  have  realized  $2,000. 
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Lt)XE   VALIXEY  DISTRICT,    SAX   BERXARDIXO  COUNTY,    CALIFORNIA. 

[From  notes  by  Lieat.  Willard  Young.] 

This  district  is  situated  in  the  mountains  and  hills  bordering  the  Mojave 
Desert,  near  the  San  Bernardino  Mountain,  and  lies  southeast  of  Bear 
Valley  district,  and  immediately  adjoining  it.  It  was  discovered  in  1873 
by  J.  W.  Wilson  and  J.  E.  McFee,  and  organized  the  same  year.  It  has 
been  worked  continuously  since.  It  is  distant  from  Whitewater  Station, 
on  the  Southern  Pacific  Kaih'oad,  by  trail  50  miles  and  by  road  85 miles; 
and  from  San  Bernardino,  by  I'oad,  about  90  mile^.  The  district  is  ap- 
proximately 8  miles  long,  from  north  to  south,  by  5  miles  broad,  and 
mineral  croppings  are  found  over  nearly  the  whole  area. 

No  geological  investigation  has  been  matle.  The  general  trend  of  the 
moun^ins  in  the  vicinity  is  northwest  and  southeast;  and  the  mining 
ledges  are  found  on  either  slope.  Their  general  direction  is  paraDel  to 
the  mountains,  and  they  run  with  the  country  rock,  which  dips  to  the 
southwest,  from  30^  to  40^.  Xo  large  lea<l8  have  yet  been  developed. 
Wall  rock  is  granite.  The  country  rock  is  limestone  and  granite.  The 
principal  ores  are  gold  quartz  and  galena,  associated  with  iron  pyrites 
and  other  sulphuret^.  Considerable  copper  is  found  at  croppings.  No 
fossils  have  been  found.  Gold  averages  from  $35  to  $40  per  ton;  silver, 
from  $35  to  $60  per  ton.  The  gold  (luartz  is  worked  in  arrastras,  by  the 
wet  process.  No  silver  ores  are  being  worked.  Gold  is  present  in  all 
the  ores. 

The  principal  mines  are  the  Silver  Star,  Old  Jeflf,  National,  Oro  Fino, 
White  Stockade,  Big  Blue,  Eough  a^d  lieady.  None  of  them  have  been 
extensively  worked.  About  $2,000  have  been  expended  on  the  Big  Blue. 
At  some  of  the  others  shafts,  of  from  20  to  30  feet  have  been  sunk.  Two 
arrastras  are  now  being  worked.  A  small  smelting  furnace  was  estab- 
lished heff.e  but  is  now  abandoned.  The  ore  can  be  mined  for  about  $4  per 
ton.  Melting  the  ore  by  arrastras  cost  $10  per  ton.  Labor  costs  $3  per 
day.  Cost  per  foot  for  running  a  tunnel,  from  $7  to  $10;  for  sinking  a 
shaft,  $8.  Hay  costs  1  cent,  barley  3  cents.  There  are  no  facilities  for 
raising  produce  of  any  kind.  Present  source  of  supply.  Whitewater. 
There  is  an  abundance  of  fine  timber  and  plenty  of  wood.  Grass  and 
water  are  very  scarce.  Inhabitants  in  district,  10.  Price  of  freight,  2 
cents  per  pound.  Deer,  antelope,  mountain  slieep,  rabbits,  and  quail 
are  found,  but  are  not  plentiful.    Country  roads  good. 

LONE  DISTRICT,   SAN  MIGUEL  COUNTY,  NEW  MEXICO. 

[From  notes  by  Lieut.  Rogers  Birnie,  jr.] 

This  district  was  discovered  in  1870  and  organized  in  1871,  and  has 
since  been  worked  continuously.  It  is  350  miles  from  the  terminus  of 
the  Atchison,  Topeka  and  Santa  ¥6  Kailroa<l,  \ia  Hot  Spring,  Cotton- 
wood Eanch,  Fest's,  La  Parida,  Punta  del  Agua,  and  Anton  Chico.  The 
district  is  5  miles  square,  and  about  1,200  acres  near  the  center  contain 
the  mineral  croppings,  with  a  trend  northeast  and  southwest.  The 
deposits  occur  in  limestone  rock  found  crossing  canons  and  along  the 
east  side  of  the  Lone  Mountain  hills,  which  trend  nearly  north  and  south. 
The  wall  rock  is  nearly  perpendicular,  with  continuous  veins,  which 
have  been  easily  traced  to  a  depth  of  60  feet  by  shafts.  Much  of  the  ore, 
however,  has  been  taken  from  apparently  isolated  pockets.  The  ore  is 
worked  by  the  raw  amalgamation  process.    Assorted  ore  averages  75  to 
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80  ounces  of  silver  per  ton.  The  charaeteristics  of  the  ore  are  native 
silver  and  chloride,  heavy  brittle  sulphurets  in  quantity,  and  in  places 
lead,  copper,  and  iron.    Gold  occurs  in  some  of  the  mines. 

Tlie  principal  mines  now  operated  are  Home  Ticket ;  vein  opened  12 
to  14  feet  in  depth  for  1,000  feet ;  two  shafts,  20  and  48  feet,  with  some 
water  in  the  latter,  probably  fix)m  a  crevice.  The  vein  is  18  inches  wide, 
dark  and  light  quartz,  in  hard  red  limestone.  The  hanging  wall  is 
free  and  well  defined,  and  has  a  piteh  of  S(P.  Pino  Carte,  recently 
opened  on  what  seems  to  be  a  well-defined  ledge  in  limestone.  A  small 
opening  has  yielded  ore,  producing  52  ounces  per  ton.  Bismarck, 
recently  oi)ened5  two  tons  of  ore  yielded  33  ounces  each.  Red  Lead 
has  five  shafts,  one  of  50  feet  with  a  10-foot  drift ;  not  worked  during  the 
year.  'There  are  several  smaller  mines  with  streaks  of  good  ore,  but  not 
suflficient  to  pay  for  working.  On  all  the  mine^  labor  has  chiefly  been 
performed  by  the  owners.  About  250  tons  of  ore  was  worked  at  the 
mines  during  the  year,  averaging  about  100  ounces  "pev  ton. 

There  is  one  mill  with  an  engine  of  25-horse  power,  4  stamps  of  500 
pounds,  2  ordinary  arrastras  for  grinding  pulp,  and  2  amalgamating  pans, 
old  Varney  patterns ;  capacity,  3  tons  in  24  nours. 

Georgetown  ore  is  worked  at  this  mill,  averaging  150  ounces  i^er  ton  j 
and  Lone  Mountain  ore,  averaging  100  ounces  i>er  ton,  the  charges  being 
820  to  $25  per  ton.  The  superintendent  of  the  mill  claims  that  grinding 
by  arrastras  saves  15  per  cent,  over  iron  pans.  As  most  of  the  work  is 
done  by  the  mine  owners,  no  prices  of  labor  are  determined.  But  little 
land  in  the  district  is  tillable.  Hay  is  $20  per  ton,  and  grain  2J  cents 
per  pound.  There  are  a  few  small  springs  and  a  small  stream  in  the 
district.  Wood  has  to  be  brought  9  miles.  Freight  costs  4  cents  from 
the  railroa^l  and  3  cents  back.  The  roads  are  excellent.  The  district 
contains  38  inhabitiints  and  about  500  head  of  stock.  There  is  good 
grazing. 

CIILOIUDE  DISTRICT,    SILVER  CITY,   NEW  MEXICO. 

[From  notes  by  Licnt.  Rogers  Bimie,  jr.] 

Tliis  district  was  discovered  and  organized  June  3, 1870^  by  John  and 
James  Bullard,  E.  Necks,  and  John  Swisshelm.  It  has  been  worked 
continuously,  filthough  with  decreased  activity,  since  1875.  It  is  situated 
about  500  miles  from  Trinidad,  the  tenninus  of  the  railroad.  The  dis- 
trict was  examined  geologically  by  Dr.  O.  Lew,  of  this  exi)editioil|  in 
1873. 

The  country  rock  is  very  much  broken.  Slate  and  limestone  predom- 
inate, with  an  occasional  dike  of  igneous  rock.  The  slate  is  usually 
barren,  the  ore  occurring  in  streaks  in  limestone,  being  richest  near  line 
of  contact  with  the  slate.  It  is  doubtlul  if  true  veins  exist,  those  being 
found  chiefly  in  pockets.  No  fossils.  The  smelting  process  failed  be- 
cause of  the  predominance  of  chloride,  a*^  also  did  roasting.  The  amal- 
gamation wet  process  is  now  employed.  Tlie  ore  contains  much  base 
metal,  and  the  workings  have  saved  only  about  60  per  cent,  of  value. 
The  ore  has  not  been  weighed,  but  during  the  past  year  the  Bremen 
mill  has  run  about  485  tons  from  the  '''76''  mines,  the  average  working 
being  45  ounces  to  the  ton.  The  ores  are  chiefly  chlorides,  together  with 
black  sulphurets  and  some  native  silver.  There  is  probably  a  small 
amount  of  bromine  copper;  also  lead,  antimony,  and  iron.  The  vein 
matter  is  feldsi>ar  mixed  with  ores.  The  ores  contain  no  gold.  The 
|)rincipal  mines  are  the  '76,  Two  Ikes,  New  Issue,  liepublican,  and  R. 
E.  Lee. 
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The  '76  mine  has  several  shafts  snnk  through  a  bed  of  slate,  uuder 
which  the  ore  occurs  in  beds  and  pockets. 

The  Providence  is  of  the  same  class.  The  Two  Ikes  has  been  but  little 
worked  since  1875 ;  one  shaft  is  sunk  135  feet  with  driftings.  An  attempt 
to  work  this  mine  was  made  within  a  year,  but  failed  to  pay.  $351,000 
have  been  taken  firom  this  mine ;  expenses,  $121,000.  The  New  Issue  has 
been  idle  for  three  years;  but  within  six  months  a  few  tons  of  ore  have  been 
extracted,  giving  100  ounces  to  the  ton.  The  Republican  has  three  shafts, 
125,  35,  and  48  ^t;  no  drifts.  Accurate  information  as  to  the  amount 
expended  in  developments  could  not  be  obtained.  The  Bremen  Mill  has  a 
25-hor8e-power  engine,  10  stamps,  10  Varney  pans,  4  settlers.  The  Pope 
Mill  has  been  idle  for  two  yeara ;  it  was  run  at  a  loss. 

The  average  cost  per  ton  for  mining  ore  is  $7 :  for  roasting  and  mill- 
ing, $12;  for  mining  labor  per  day,  Mexican,  ^2;  American,  $3.  But 
little  stoping  is  done.  Amount  of  ore  that  can  be  extracted  by  one  man 
per  day,  one-half  ton ;  average  cost  per  foot  for  running  a  tunnel,  $7 ;  for 
sinking  a  shaft,  $9 ;  for  running  a  drift,  $7.  Hay  is  most  abundant, 
and  easily  obtained  from  the  adjacent  plains ;  price  per  ton,  $15;  grain, 
2J  to  3  cents  per  pound.  There  are  5,000  to  6,000  acres  of  cultivable 
land  on  Mimbres  and  Gila  Rivers  within  one  day's  journey  of  town. 
Timber  is  at  present  obtained  from  Burro  Mountains.  Timber  is  worth 
$35  per  thousand  at  mill;  shingles,  $5;  laths,  $9.  At  present  rate  of 
consumption,  timber  will  last  four  years  longer.  Water  is  readUy  ob- 
tainable from  wells  15  feet  deep;  the  San  Vincente  spring  in  the  town 
runs  35  inches. 

MIMBRES  SILVER  MINING  DISTRICT,  NEW  MEXICO. 

[From  notes  by  Lieut.  Rogera  Birnie,  jr.] 

Discovered  and  organized  by  James  D.  Fresh  April-June,  1873.  It 
has  been  worked  continuously.  It  is  distant  from  Trinidad  525  miles. 
The  district  covers  an  area  of  3  miles  extending  northeast  and  south- 
west. Geological  investigations  have  been  made  by  C.  W.  Irish,  Iowa 
City,  Iowa.  The  ledges  are  on  the  southeastern  slopes  of  the  Parajiet 
Mountains.  The  deposits  are  in  chimneys  in  limestone  with  frequent 
branches.  The  pockets  occur  very  irregularly,  the  richest  ores  gener- 
ally in  vicinity  of  granite  dikes,  ^o  real  fissure  veins  can  be  traced. 
Xo^ossils  have  been  found  in  the  ore-bearing  limestone ;  in  the  lime- 
stone cappings  of  the  hills  many  occur.  The  ores  are  worked  by  the 
free  amalgamation  process,  one  ton  yielding  150  ounces.  They  occur  as 
chlorides,  sulphurets  of  silver,  and  as  carbonates.  Iron,  antimony,  and 
arsenic  occur  in  small  proportions.  No  gold  is  found.  Water  has  not 
been  reached.  The  principal  mines  are :  1.  McGregor,  with  12  shafts, 
averaging  50  feet  each,  and  2,500  feet  of  drifts;  2.  Commercial,  with  10 
shafts  of  50  feet  each  and  3,000  feet  of  drifts;  3.  McNulty ;  4.  Naiad 
Queen,  with  3  shafts  aggregating  335  feet  and  connecting  drifts ;  $600,000 
have  been  exx>ended  in  developments,  all  of  which  has  been  drawn  from 
the  mines.    The  camp  has  yielded  $800,000. 

There  are  two  mills  in  the  district.  The  Mimbres  Mining  and  Reduc- 
tion Works  is  situated  on  Mimbres  River,  3  mile«  from  Georgetown,  and 
is  run  by  water-power.  It  has  1  Blake  crusher,  capacity  25  tons  per 
day;  5  stamps,  capacity  4  tons  per  day;  3  settlers  and  2  arastras.  The 
capacity  of  this  mill  is  soon  to  be  materially  increased. 

Meredith's  mill,  on  the  Mimbres,  is  also  run  by  water-power.  It  has 
no  crusher ;  it  has  3  stamps.    Capacity  of  mill,  2J  tons  per  day.    Cost 
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of  a  lO-stamp  mill,  without  roasting  furnace,  $15,000.  Average  co8t  of 
mining  ore  per  ton,  $40;  for  roasting  and  milling  per  ton,  including 
transportation  to  mill,  $30 ;  average  mining  labor  per  day,  $3 ;  average 
amount  of  ore  that  can  be  extracted  by  one  man  per  day,  one-twelfth  of 
a  ton  (200  pounds) ;  average  cost  per  foot  for  running  a  tunnel,  $12  per 
foot  5  for  sinking  a  shaft,  $7.50  per  foot ;  for  running  a  drift,  $12.  Hay 
costs  $20  per  ton.  There  are  about  5,000  acres  of  tillable  land  on  Mim- 
bres;  stock  facilities  are  excellent.  A  good  supply  of  timber  is  found 
within  12  miles ;  wood  abundant.  Willow  Spring  in  the  town  nms  4  or 
5  inches  of  water,  and,  by  digging,  its  capacity  can  probably  be  doubled. 
There  are  500  inhabitants  in  the  district,  the  mines  affording  employ- 
ment to  100  men.  Four  stages  a  week  run  to  Silver  City.  Inward 
freight  costs  4  cents  per  pound ;  outward,  3  cents.    There  are  3  stores, 

1  school-house,  1  banking  house;  100  head  draught  animals,  1^00 cattle, 
and  2,000  sheep  and  goats  sum  up  the  stock  in  Uie  vicinity.  Bear,  deer, 
and  quail  are  found.  The  country  roads  are  good.  There  are  no  Indians 
in  the  district. 

PINOS  ALTOS  DISTRICT,  GRANT  COUNTY,  NEW  MEXICO. 

[From  notes  by  Lieut.  Rogers  Bimie,  jr.] 

This  district  was  discovered  and  organized  July,  1859,  by  Isa  Langs- 
ton,  Captain  Snively,  and  Mr.  Birch.  It  has  been  workra  continuously, 
but  much  less  activdy,  since  the  winter  of  1866,  An  area  of  about  3 
miles  square  is  covered  by  the  outcroppings.  Oeological  investigations 
have  b^n  made  by  Ross  Brown ;  no  special  surveys  obtainable. 

The  general  direction  of  the  lodes  is  north  and  south,  and  conforms  to 
country  rock.  Uniformly  low-grade  ores  are  found  in  granite,  the  rich- 
est near  junction  of  slate  and  granite ;  there  are  some  rich  deposits  of 
gold  in  slate.  Pyrites  is  met  with  in  varjrlng  quantities ;  free  gold  is 
found  with  it.  There  are  five  old  and  well  developed  and  apparently 
genuine  fissure  veins.  The  vein  matter  is  usually  inclosed  by  talc.  The 
dip  is  nearly  uniform  (to  west)  from  75°  to  82^.  Granite,  quartzite,  and 
slate  constitute  the  country  rock.  Ko  fossils  are  found.  The  ores  are 
worked  by  arastra  process  and  only  for  free  gold.  A  large  quantity 
from  Pacific  mines  Nos.  1  and  2  is  said  to  have  yielded  an  average  of  $40 
to  the  ton.  The  Mina  Grande  about  $8  per  ton ;  but  the  latter  ore  is 
free  from  metals  and  pays  best  to  work.  Water  is  reached  in  Paoific 
mines  about  300  feet  fix)m  summit  of  hill ;  ore  changes  to  pyrites.  No 
water  in  Atlantic,  which  is  sunk  125  feet 

Atlantic  and  Mina  Grande  ore  contains  a  little  iron  and  silver  |  Pa- 
cific contains  iron  pyrites  in  quantity,  copper,  carbonate  and  chlonde  of 
silver,  iron,  and  probably  some  zinc.  In  the  Langston  silver  predomi- 
nates, and  assays  give  $100  to  the  ton.  All  the  above  are  worked  only 
for  gold.  The  principal  mines  are:  1.  Atlantic  with  1  tunnel  300  feet ; 
4  shafts  125  feet,  100  feet,  80  feet,  80  feet,  and  surface  worked  15  to  20 
feet  for  about  a  mile.    2.  Mina  Grande  with  1  tunnel  45  feet  long; 

2  shafts  aggregating  250  feet,  and  surface  worked  10  or  12  feet  for 
about  700  feet.  3.  Pacific  No.  1 ;  2  tunnels  700  feet  and  75  feet ;  12 
shafts  aggregating  800  feet ;  surface  worked  12  to  15  feet  for  about  900 
feet.  4.  Pacific  Ko.  2 ;  tunnel  now  being  run  is  186  feet;  6  shafts  aggre- 
gating 480  feet;  surface  worked  15  feet  for  300  feet.  5.  Langston ;  tun- 
nel 500  feet  long;  2  shafts  60  feet  each.  6.  Arizona;  tunnel  200  feet 
long ;  4  shafts  aggregating  300  feet.  7.  A  immber  of  narrow  seams, 
many  of  which  have  proved  rich.    8.  A  number  of  placer  diggings  on 
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both  north  and  south  slopes  of  Pinos  Altos  Peak.  As  to  amount  ex- 
pended in  developments,  no  strictly  reliable  figures  could  be  obtained ; 
the  following  estimates  were  given : 

Expended.  Extr»€ted. 

Pacific  No.  1 1250,000  $125,000 

Pacific  No.  2 75,000  25,000 

Arizona 60,000  20,000 

Atlantic 40,000  20,000 

Mina  Grande 4,000  10,OliO 

Unnamed  veins 250,000 

There  are  3  mills  with  one  15  and  two  25  horsepower  engines,  besides 
some  15  arrastras.  A  lOstamp  mill  costs  $15,000;  an  ordinary  8mel^ 
ing  furnace,  $2,000;  average  cost  per  ton  for  mining  ore,  $5;  for  roast- 
ing and  miUing,  $5 ;  of  mining  labor  i>er  diom,  $2 ;  of  milling  labor  per 
diem,  $1.50 ;  average  amount  of  ore  that  can  be  stoped  by  one  man  in 
a  day,  one-half  ton ;  average  amount  that  can  be  extracted  by  one  man 
in  a  day,  one-half  ton ;  average  cost  per  foot  for  running  a  tunnel  on 
main  veins,  $2 ;  for  sinking  a  shaft  on  main  vein,  $2 ;  for  running  a  drift 
on  main  vein,  $2.50.    Shafts  and  drifts  should  be  run  in  vein  matter. 

There  is  plenty  of  hay  in  tlie  vicinity,  pric^  $10  i)er  ton ;  grain  2  cents 
per  pound.  The  amount  of  agricultural  land  is  small.  Vegetables  are 
raised  without  irrigation.  Timber  and  wood  are  abundant  and  near  at 
hand.  There  is  sufficient  water  for  milling  and  stock-raising  puri>oses, 
but  not  for  placer  mining  except  during  a  few  months  of  the  year. 

There  are  300  inhabitants  in  the  district,  1  school-house,  and  3  stores. 
There  is  but  a  limited  amomit  of  stock.  Deer,  bear,  turkeys,  and  quail 
are  found.  The  roads  are  good.  Freight  costs  $4  i)er  hundred ;  back 
freight,  $2.50.  The  Apaches  were  very  troublesome  from  1860  to  1865, 
and  have  killed  probably  40  men.  No  depredations  haye  been  commit- 
ted since  1874 ;  none  now  living  in  the  vicinity. 

Placer  mining. — ^There  are  "a  number  of  placer  diggings  on  north  and 
south  slopes  of  Pinos  Altos  Creek.  Work  is  mostly  confined  to'  the 
months  of  June,  July,  and  August  (the  r&iny  season).  About  15  men 
are  now  at  work,  using  cradles  in  the  dry  season.  The  average  per  day 
per  man  is  $2 ;  $300,000  is  the  estimated  profit  from  the  placers. 

LAS  ANIMAS  DISTRICT,    COLORADO. 

[From  uotes  by  Louis  NeU.] 

This  district  was  discovered  and  organized  by  David  Shitsel,  May  22^ 
1877.  It  is  distant  from  Trinidad  428^  miles.  No  geological  investiga- 
tions have  been  made.  The  district  is  situated  in  the  foot-hills  of  the 
Mimbres  Mountains,  and  is  about  five  miles  square ;  general  direction 
of  the  lode  northeast  and  southwest.  The  country  rock  is  granite ;  no 
fossils  found.  The  ore  contains  free  gold,  is  worked  by  the  free  process, 
and  yields  from  $20  to  $35  per  ton  ;  base  metals,  copper  and  iron.  Water 
is  reached  in  some  of  the  mines  at  a  depth  of  from  40  to  60  feet. 

The  principal  mines  are  the  Snake,  Golden  King  and  Extension, 
Weeks  Extension,  Bobtail,  Red  Jacket,  Yellow  Jacket,  Argosy,  Eldo- 
rado and  three  extensions.  From  the  Snake  about  $4,500  (in  ore  on  dump) 
has  been  extracted ;  the  same  from  the  Bobtail.  Some  $20,000  worth 
of  ore  has  been  taken  from  the  district  in  seven  months.  A  Hillsboro 
mill  was  en  route^  and  expected  to  be  in  operation  by  January,  1879. 
Average  cost  per  ton  for  mining  ore,  $5 ;  for  milling,  $10 ;  for  mining 
labor  per  day,  $2.50 ;  average  amount  of  ore  that  can  be  stoped  by  one 
man  in  one  day,  one  ton ;  average  amount  that  can  be  extracted  by  one 
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man  in  one  day,  about  one-half  ton ;  average  cost  per  foot  for  running  a 
tunnel  on  main  vein,  $4;  average  cost  per  foot  for  sinking  a  shaft  on 
main  vein,  $5 ;  average  cost  per  foot  for  running  a  drift  on  main  vein, 
$1.25.  Shafts  and  drifts  should  be  run  in  vein  matter. 

There  is  abundance  of  grazing  and  plenty  of  water.  Timber  is  abun- 
dant 10  miles  from  the  town.  There  are  about  300  inhabitants,  includ- 
ing Mexicans.  There  are  20,000  head  of  stock  in  the  vicinity,  including 
sheep,  cattle,  and  horses — ^principally  sheep.  The  country  roads  are 
very  poor.  The  route  in  use  follows  up  the  l>ed  of  Animas  River,  and  is 
subject  to  "wash-outs.*^  Freight  costs  3  to  4  cents;  stage  fare  from 
railroad,  $80.  Deer,  antelope,  bear,  rabbits,  turkeys,  ducks,  and  geese 
are  found. 

AZTEC  AXD  MORENO  DISTRICTS,   COLFAX  COUNTY,   NEW  MEXICO. 

[From  notes  by  Prof.  J.  J.  Stevenson.] 

The  Aztec  mining  district,  organized  in  1869,  was  visited  in  1876  by 
Mr.  Gonkling,  of  this  expedi  tion.  But  little  change  has  taken  place  since 
his  visit  A  few  new  mines  have  been  opened,  but  the  productiveness 
of  the  district  has  not  been  increased  materially. 

The  Moreno  district,  organized  in  1869,  embraces  a  part  of  the  Mo- 
reno Valley  between  the  mouth  of  the  creek  and  Elizabethtown,  and 
reaches  to  the  crest  of  Old  Baldy  Mountain,  so  as  to  join  the  Aztec  dis- 
trict. Placer  mining  alone  is  carried  on  in  this  district,  but  the  lack  of 
water  prevents  it  from  attaining  much  imi)ortance,  although  the  gravels 
are  very  rich. 

Both  of  these  districts  are  easily  reached  by  way  of  an  excellent  road 
leading  up  Cimarron  Creek  from  Cimarron,  and  are  on  the  direct  road 
fit)m  that  place  to  Taos.  Wood  and  grass  are  abundant,  and  good  crops 
of  all  the  ordinary  grains  can  be  raised  within  the  Aztc«  district.  The 
Moreno  district  lies  too  high  for  successful  farming,  though  very  near 
the  head  of  Cimarron  Caiion  wheat  and  barley  have  matured. 

L08  CERIIXOS  MIXES,   SANTA  FE   DISTRICT,   NEW  MEXICO. 

[From  notes  by  Prof.  J.  J.  Stevenson.] 

Los  Cerillos  are  irregular  hills,  perhaps  20  mUes  west  of  south  from 
Santa  F^.  Many  years  ago  the  Spanish  residents  worked  some  silver 
mines  there,  but  they  could  not  have  been  very  profitable,  as  the  work- 
ings are  iot  extensive.  The  region  became  the  object  of  attention  dur- 
ing 1879,  and  a  large  number  of  miners  flocked  to  it.  When  visited  in 
June  of  1879  it  had  many  prospecting  shafts  varying  from  20  to  50  feet 
in  depth ;  bat  the  ore  streaks  were  very  thin  and  the  prospects  not  alto- 
gether such  as  to  satisfy  any  but  a  visionary  miner.  The  ore  is  galena, 
carrying  silver.    Some  of  the  assays  show  ore  of  fabulous  richness. 

The  region  is  arid  and  no  good  water  has  been  obtained  in  the  hills. 
Timber  is  plenty  but  the  grazing  is  poor. 

PLACER  DISTRICTS,   SANTA  FE  COUNTY,   NEW  MEXICO. 

[From  notes  by  Prof.  J.  J.  Stevenson.] 

The  Placer  districts  of  the  Placer  Mountains  are  about  25  and  35 
miles,  respectively,  distant  from  Santa  F^  in  a  west  of  south  direction. 
Gold  was  discovered  in  the  Old  Placer  during  1828,  and  the  gravels  have 
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been  worked  ever  since.  The  New  Placer  was  discovered  at  a  somewhat 
later  time.  Water  is  scarce  at  both  placers,  and  but  little  work  can  be 
done. 

Quartz  mining  is  carried  on  in  a  smaU  way  at  the  Old  Placer.  The 
New  Mexican  Mining  Company  erected  a  20-stamp  mill,  but  it  is  not  in 
operation.  Several  lodes  have  been  opened  here,  but  they  are  irregular 
in  thickness  as  well  as  quality.    The  New  Placer  was  not  examined. 

In  the  vicinity  of  the  placers  water  and  grass  are  by  no  means  abun- 
dant, but  timber  present  for  all  necessities. 

NATURAL  HISTORY  (INCLUDINa  GEOLOaY,  ZOOLOGY,  &C.). 

Prof.  John  J.  Stevenson  submits  a  preliminary  report  (Appendix  K) 
of  his  examinations  made  along  the  mountain  ranges  southward  from  the 
Spanish  Peaks  in  Colorado,  and  between  the  Eio  Grande  and  the  plains 
as  far  as  the  latitude  of  Santa  Fe,  lying  mostly  in  atlas-sheets  70  A  and 
70  C.  He  was  assisted  by  Mr.  I.  C.  Bussell,  and  the  labors  of  the  season 
proved  distinctly  satisfactory,  both  as  reg:ards  geological  data  and  in  the 
collections  of  rocks  and  fossils.  Twenty-six  distinct  coal  horizons  or  beds 
from  Trinidad  to  the  south  were  noted,  their  order  of  succession  distin* 
guished,  and  the  complicated  axes  of  several  mountain  ridges  determined. 
Resuming  his  labors  in  May  of  this  year,  he  reviewed  certain  i>oints  of 
the  field,  and  carried  his  examinations  to  the  southern  end  of  the  Santa 
Fe  axis,  near  Gkilisteo  Creek. 

Mr.  H.  W.  Henshaw  presents  an  ornithological  report  (Appendix  L) 
upon  regions  traversed  in  1876, 1877,  and  1878,  in  portions  of  Csdifomia, 
Nevada,  and  Oregon,  as  &r  to  the  northward  as  the  Columbia  Biver. 

The  following  collections  in  natural  history  were  made  during  the  sea- 
son: 

Mammals efpecimens..  8 

Mammals  (alcoholic) do 3 

Mammal  crania 1 

Bird  skins 243 

Bird  crania  and  sterna •••... •••  7 

Birds' eggs v..  12 

Fishes Si?t^^^°?:;  ^ 

Lizards !  Ste!!!!?!;:  ^ 

Batrachians Il^i?!?!::     U 

Hemiptera lot 1 

Orthoptera 1  lote.^!^:!  ^ 

25 

lots 3 

12 


SheUs S  specimens.. 


Crustaceans 5  iJT™^..       1 

Fossil  leaves specimens..     72 

The  list  of  specimens  forwarded  during  the  year  to  the  Smithsonian 
Institution  to  be  deposited  in  the  Nations^  Museum  is  herewith : 

Bird  skins 361 

Birds'  eggs -' 738 

Birds'  nests 19 

Mammal  skins 16 

Hnakes 24 

Lizards 10 
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Batracbiaii8 1 12 

Fi,he.s IJJto'!"!""::  ^ 

Ortliopt.Ta  (alc.holic) i  iSte!"!"":.'      ^ 

Ortl.«i,tera  (phnuMl) iSTa^.T"'::       ^^ 

Hemiptora |  JJu^!"!"!::  3 

^,1,  S  specimeus..        50 

'''"•"'' \\^ u 

(•n.st».-..an.s !  SS"'."!"!::    *1 

Plant* |i^"'!"*""::   ^^ 

luvcrtebrate fossils specimens..  2,159 

Rocks,  approxiiuat<*d 2, 494 

Minerals,  ores,  &v..  approximated 1,993 

SPKCIMENS  FORWARDED  TO  ARMY   MEDICAL  MUSEUM. 

Human  crania  - 1 

Binl  sterna * 5 

Bird  crania 5 

Mammal  crania 2 

Alcoholic  mammals lotA..  5 

PUBLICATIONS. 

The  following  maps  have  been  finished  daring  the  year,  and  will  appear 
Avith  the  extra  copies  asked  for  of  this  report,  viz : 

Progress  map  for  1879  and  seven  regular  atlas-sheets  in  hachures^ 
with  land  classification  color  added,  Kos.  32  D,  47  B,  47  D,  61  D,  73  A. 
78  A,  and  84  B.  Volume  VI,  Botany,  has  issued  from  the  Government 
Printing  Office,  and  Volume  VII  is  passing  through  the  various  stages 
of  proof,  preparatory  to  stereotyping.  Two  thousand  extra  copies  of 
the  Annual  Report  of  1878  from  this  office  (Appendix  N  K  Annual  Ee- 
port  Chief  of  Engineers)  have  been  published,  accompanied  by  ten  sepa- 
rately bound  atla«-8heets. 

The  following  lists  show  the  condition  of  reports  add  maps  to  date: 

EEPOETS  (PUBLISHED). 

Quartos. 

Volume     II.  Astronomy  and  Barometric  Hypsometry. 

Volume  III.  Geology. 

Volume   IV.  Paleontology. 

Volume     V.  Zoology. 

Volume   Vi.  Botany. 

Volume  VII.  Archaeology  (in  hands  of  printer). 

Annuals. 

(Separate  from  Report  of  Chief  of  Engineers.) 
1873,  1874,  1875,  187G,  1877,  1878. 

Miscellatwous. 
(Quarto,  octavo,  and  pamphlet.) 

Two  preliminary  reports,  1869  (one  octavo  and  one  quarto). 
Preliminary  report^  1871  (quarto). 
Progress  report,  1872  ^quarto). 
137  E 
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Camps  and  distances,  1871  (oblong  folio). 

Camps  and  distances,  1872  (quarto). 

Astronomical  repoit,  1874  (quarto). 

Star  catalogue  (quarto). 

List  of  latitudes  and  longitudes  (extract  fix>m  Volume  II). 

Vertebrate  fossils  of  New  Mexico  (pampLlet). 

Catalogue  of  vertebrates  of  New  Mexico  (pamplilet). 

Invertebrate  fossils  (pamphlet). 

Catalogue  of  i)lants  (octavo). 

Ornithological  specimens  (octavo). 

Meteorological  instructions  (octavo). 

Barometric  hypsometry  instructions  (octavo). 

Field  lists  of  stars  (pamphlet). 

Logarithm,  traverse,  and  altitude  tables  (pamphlet). 

IN   (^OI^RSE  OF  PUBLICATION. 

Volume  I,  Geogi-aphical  rei)ort  (quarto). 
Geographical  positions,  distances,  &c. 

Note. — It  in  int^^nded  to  submit  during  the  comiu^  year  tlit*  Hnal  report  of  Prof 
John  .J.  Steveusou  upon  the  result  of  his  geoloj;ical  investigations  of  1878  and  1879, 
and  also  his  examinations  of  the  coal  beds  or  Eastern  Colorado  and  New  Mexico.  Thie 
report  is  accompanied  by  a  number  of  cuts,  profiles,  and  maps,  and  will  require  eon- 
siaerable  time  and  expense  for  its  complete  production. 

MAPS  (PUBLISHED). 

TopographieaL 

Three  sheets  of  conventional  signs  for  (1)  ph)tting  and  for  final  map« 
in  (2)  hachures;  and  (3)  crayon  hill  shading. 

Sheet  of  that  portion  of  the  United  States  lying  west  of  the  lOOtli 
meridian,  showing  ninet^'-five  numbered  rectangular  divisions,  each  to 
appear  as  separately  numbered  atlas-sheet«,  indicating  the  progress  of 
the  survey.     (Published  for  the  years  1872-'73-74-75-'76-'77-78-79.) 

Drainage  sheet,  showing  by  colors  the  area  of  di^aiuage  to  the  Atlantic 
and  Pacific  Oceans  and  the  interior  basins  of  the  territory  of  the  TJnited 
States  west  of  the  Mississippi.    Scale,  1 :  0000000. 

Geological, 

Index  sheet,  showing  the  general  topographical  features  and  the  re<!- 
tangular  divisions  from  Nos.  1  to  95. 

Special  sheet,  embracing  portions  of  Western  Utah  and  Eastern  Ne- 
vada, representing  the  location  of  an  ancient  fresh-water  lake,  which  in- 
cluded the  region  of  Great  Salt,  Sevier,  and  T^tah  Lakes.  Scale,  1  inch 
to  17  miles. 

Special, 

Reconnaisance  map  of  parts  of  Nevada  and  Arizona.  Scale,  1  inch 
to  12  miles,  or  1:760320. 

Map  of  the  (Irand  Canon  of  the  Colorado,  expedition  of  1871.  Scale. 
1  inch  to  6  miles,  or  1 :  380160.     (To  accompany  Vol.  I.) 

Topographical  map  of  the  vicinity  of  the  Comstock  lode  in  the  Washoe 
mining  region,  Nevada:  area,  110  square  miles;  scale,  1  inch  to  1,500 
feet,  or  1:18,000. 
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RKCAPTTITLATIOX. 

Topogi'sipfaical  iitlafl'HlieeU  ]>ublislied ^ 

Adyancing  towai-d  complvtiou  and  to  aircompany  extra  copies  of  the  annual  report  of  this  office 

(herewith) S 

Laud-classiticatiuu  sheets  published 21 

Goologioal  »he()ts  published ' 7 

Totjii 61 

MAPS   (UNPrULTSIIED). 

GeologicaL 

Contour  map  of  Ely  ininin*;*  district,  Southern  Nevada.  1  iuch  =  12 
miles.  Atlas-sheets,  61  B,  (>1  0,  70  A,  and  70  C,  also  52  D,  in  whick 
more  field  work  is  necessary. 

Map  of  portions  of  Eastern  California  and  Western  Nevtvda,  the  Lake 
Tahoo  region  of  the  Sierra  Nevada;  area,  2,232  square  mttes,-  scale,  1 
inch  to  1  mile,  or  1:68360. 

Great  Salt  Lake  and  vicinity,  area  5,719.8  square  miles,  plotted  on 
scale  of  1  inch  to  2  miles  (more  tield  work  required). 
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CONCLUSION  AND  ESTIMATES. 

On  December  10,  1878,  at  the  request  of  the  Chief  of  Engineers,  1 
submitted  a  memorandum  exhibiting  the  extent,  the  methods,  and  the 
cost  of  the  survey  under  my  charge,  and  an  approximate  estimate  of  tJie 
cost  of  completing  it.  This  appeared  as  inclosure  'No.  3  to  Senate  Ex. 
Doc.  No.  21,  Forty-fifth  Congress,  third  session,  extracts  from  which  are 
herewith : 

The  survey  at  present  is  carried  on  at  an  average  cost  souiewhat  exceeding  $2  |N»r 
square  mile,  and  maps  of  a  scale  of  1  inch  to  4  miles  result. 

If  land  classification  is  to  he  included,  not  less  than  ^.50  per  square  mile  should  be 
estimated.  If  a  triangulation  of  a  higher  order  of  accuracy  should  l>e  required,  the 
cost  of  making  the  same  would  not  he  less  than  $10  per  square  mile.  Such  triaugulatioo. 
however,  should  not  be  entered  upon  until  the  information  gained  during  the  progress  of 
the  triangulations  of  the  grades  now  used  to  establish  check  data  for  a  map  of  I  inch  to 
4  miles  is  sufficient  to  point  the  way.  The  selection  of  stations  for  the  most  i»erfect  set 
of  triangles  covering  this  entire  area  can  only  be  made  with  a  proper  degree  of  intelli- 
gence alter  the  marked  topographical  i>oint«  have  been  occupiiMl  as  triangulation  .sta- 
tionsj  and  observed  at  with  the  degree  of  accuracy  now  required. 

It  IS  thought  that  Jhe  amount  of  $2,039,522.50  is  the  minimum  of  expense  that  should 
be  anticipated  for  the  completion  of  the  survey  required  for  a  t4>pographical  nmp  on  a 

scale  of  1  inch  to  4  miU^s. 

»  »  #  »  #  #  * 

Since  it  appears  that  the  interior  topographical  surveys  on  the  European  ttmtinent 
have  cost,  as  in  the  case  of  Prussia,  $65  per  square  mile  as  a  minimum,  and  in  England 
$190  per  square  mile  for  its  ordnance  survey,  it  can  be  readily  seen  how  much  skill 
and  judgment  shouldbe  displayed  in  the  detailed  plans  for  all  branches  of  the  field 
and  office  work ;  how  much  prudence  in  the  administration  and  facility  in  the  execu- 
tion of  so  import-ant  a  trust  as  the  prosecution  of  a  connected  topographical  survey  of 
large  interior  areas. 

The  best  distribution  of  the  amount  of,  approximately,  $2,000,000  of  appi-opriatiou 
would  be  over  an  interval  of  fifteen  years,  somewhat  as  follows: 

Three  years,  $120,000 .^»50,000 

Three  years,    125,000 375,000 

Three  years,    135,000 405,000 

Three  years,    140,000 420,000 

Three  years,    150,000 450,000 

Total 2,010,000 

Larger  amounts  could*  not  be  used  with  a  due  regard  to  economy,  because  of  the 
want  of  skilled  assistants.  The  number  of  really  effective  working  parties  can  be  but 
slowly  increased,  since  a  special  field  training  is  req  uisite  to  perfection  in  the  applica- 
tion of  the  methods. 

The  plan  now  pursued  in  the  topographical  surveys  west  of  the  100th  meridian  is  to 
confine  the  parties  engaged  in  field- work  to  a  part  or  all  of  one  of  the  rectangular 
divisions  of  the  area,  ot  which  there  are  ninety-five,  as  shown  upon  the  progress  ms^. 

Each  of  these  divisions,  when  represented  upon  a  scale  of  1  inch  to  4  miles,  requires 
four  sheets  of  19  x  24  inches.  The  secant-conic  projection  employed,  the  co-ordinates 
of  which  are  the  n^sult  of  original  computations  at  the  office  of  the  survey,  admits  of 
the  conjoining  of  the  sheets,  and  demands  uniformity  in  size  as  a  prere<iuisite.  The 
approximate  size  of  the  area  embraced  in  the  averjige  atlas-sheet  is  150  miles  in  longi- 
tude bv  120  miles  in  latitude,  or  in  square  miles,  approximately,  18,000,  corTesponiling 
11,520,^000  acres. 

«  #  «  #  w  #  « 

The  final  topographical  sheets  represent  mountain  forms  by  hachuies  alone,  or  by  » 
combination  of  hachures  and  contours. 

The  land  classification,  including  arable  and  arid,  timber  and  grazing,  together 
with  marked  outcrops  of  precious  and  economic  minerals,  is  similar  to  the  expression 
of  geological  formation  shown  upon  the  topographical  sheets  in  colors  (see  Annual 
Report  Cliief  of  Engineers,  1878,  Appendix  N  N,  p.  1439). 

The  land  classification,  as  well  as  the  topographical  map,  should  finally  be  made 
complete  for  the  fentire  area.  The  government  will  then  become  possessed  oif  sufficient 
data  by  means  of  which  to  define  by  law  a  new  disposition  of  its  lands  to  settlers. 

The  main  portion  of  the  work  is  in  advance  of  the  subdivisions  of  the  public  land*, 
for  the  i>urposes  of  occupancy  andsale  ;  still,  connection  may  be  h:ul  with  the  meridian, 
base,  and  township  linos  of  the«e  surveys,  and  the  true  longitude  and  latitude  of  at 
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lea^t  (uie  givou  towiiHliii)  corner  to  emrh  couuty  may  bt^  fnruishod  the  Ciciieral  Lnud 
Office  i\H  a  chock.  The  law  might  recognize"  the  ase  of  tliene  points  geodetically  deter- 
mined as  proper  checkn  in  the  land-})areelling  snrveys. 

The  ganging  of  streams  at  marked  points  of  their  tiow  is  now  going  on,  and  them 
shonkl  l)e  added  the  reqnirem'ent  of  eoiuiecting  by  U*vels  of  precision  snb-basins  of 
drainage,  thus  to  determine  series  of  datnm  points  to  which  to  refer  the  i>rotiles  of  the 
irrigating  channels,  when  the  same  may  be  con.struct<'d. 

As  the  scale  of  the  map  of  the  pnblic  domain  may  bediivcted  tol>e  incn-ased  at  any 
time  by  Congress,  it  ninst  be  understood  that  a7>ro  rata  increaneof  expense  will  ensne^ 
on  account  of  more  details  as  to  triangulation,  and  for  minor  toi)ographical  m«;asiire- 
ments.  At  present  more  detailed  topograi>hical  data  is  being  secured  at  prominent 
mining  district^*,  and  in  the  more  thickrv  settled  areas,  and  at  a  cost  for  actually  occu- 
I)icd  s<iuaTe  miles  greater  than  that  herein  shown.  The  field-record  forms  and  cimipu^ 
tation  blanks  in  use  l)y  the  survey  have  been  adopted,  after  much  deliberation  and 
forethought,  and  exceed  thirty  in  number.  A  manual  of  meteorological  observations 
has  been  issued,  and  one  for  the  geodeti<-  and  topographical  obs<'rvations  and  reduc- 
tions is  being  prepared. 

An  ade(Luate  ap]>ropriati(m  will  admit  of  winter  and  summer  i>arties.  thus  keeping 
a  permanent  expedition  in  the  field  until  the  whole  area  is  covered. 

The  pci'Homu  I  engaged  includes  othcers  of  the  Corps  of  Engineers  and  other  branches 
of  the  Army  ;  certain  technical  civilian  assistants  and  scientists ;  assistants  enlisted 
in  the  general  service ;  and  there  should  also  be  added  a  number  of  enlistetl  men  of  the 
Engineer  Battalion.  The  WaHhingt<»n  office  should  be  confined  to  the  reduction  of  the 
field  plots,  and  the  issue  of  the  maps  and  annual  reports  of  operations. 

Con^i-ess  evideutly  did  not  t^onsider  the  above  estimate  at  tliat  ses- 
sion, since  in  establishing  the  ''Geological  Survey,"  none  of  the  duties  of 
a  topographical  or  geogi'aphical  survey  were  confided  to  the  direction 
thereof,  but,  to  the  contrary,  tlie  word  "geographical  was  stricken 
from  the  law.  A  geographical  survey  presupposes  that  a  toj)ographical 
map  has  been  or  is  to  be  made,  ui)on  whicli  to  delineate  cartographi- 
csdly  a  ]>ortion  of  the  results.  The  re(iuireifient  ibr  a  connec^ted  topo- 
graphical map  in  detail  of  over  800,000  square  miles  of  mountainous 
area,  remaining  unserveyed  at  the  West,  for  the  uses  of  the  War  Depart- 
ment alone,  is  even  more  apparent  now  than  when  the  subject  by  re- 
quest was  laid  before  the  House  Committee  on  Appropriations  in  April, 
1872 ;  and  yet  at  the  close  of  the  present  fiscal  year,  for  the  first  time 
since  the  earliest  appropriation  for  the  Pacific  Kailmad  surveys  (winter 
of  1852-53),  the  War  Dei)artment  is  found  without  money  for  its  usual 
topographical  surveys,  as  the  funds  of  the  last  of  twenty-eight  separate 
appro])riationsmade  during  and  since  that  interval  cease  to  be  available 
after  June  30,  current. 

It  would  seem  that  no  other  department,  should  the  jurisdiction  finally 
be  lodged  with  it,  would  have  the  same  interest  in  sending  at  an  e4\rly 
day  parties  to  prosecute  topographical  surveys  in  the  outlying  and  most 
inacoessible  i)arts  of  this  great  area. 

As  bearing  still  further  upon  the  cost  of  this  work,  a  copy  of  my  letter 
of  February  20,  1879,  is  here  introduced,  that,  having  been  submitted 
by  the  Acting  Chief  of  Engineers  to  the  War  Department,  was  for- 
warded and  appeared  as  House  Ex.  Doc.  No.  104,  Forty-fifth  Congress, 
third  session : 

W.VK  Depaiitmknt, 
U'ashhiffioii  Citfi,  Fchrnarii  24,  l?^7l). 
The  Seeivtary  of  War  has  the  honor  to  transmit  herewith,  for  the  «ousideration  of 
the  Committee' on  Appi-opriations,  a  eommunieation  re<*eived  from  the  Aetinj;  Chief 
of  Engineers,  Ruhmitting  .statement  in  regard  to  the  total  amonnt  expended  in  the 
proseention  of  militars*  and  geographical  snrveys  we.st  of  the  one  hundredth  meridian 
now  hoing  carried  on  by  this  department. 

Very  respeetftdly,  your  obedient  servant, 

Geo.  W.  McCuauy. 
•  Sccrvlftvif  of  War. 

The  Speaker  of  the  House  of  RrpreHentatires, 
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LWTED   STATKS   ENGINR£K  OFFICK, 
(TKOORAPfIIC;AL  SCHVKYH   WeHT  ONK   HUNDREDTH  MEKIDIAN, 

U<MkiugtoH,  JK  r.,  February  20,  1879. 

Sir  :  1  have  the  honor  to  iuvit4'  the  att<*iition  of  the  dei>artmeDt  to  the  foUowiox 
Tciiiarksof  theHou.  J.  1).  C.  AtkiuD^  chainiian  of  the  Committer  on  Appropriations  of  the 
Houm^  of  Ke]»re8cntativeji,  made  while  the  lei^iitlative  appropriatton  bill  wsim  nnder 
consideration  in  the  Coiiimitt<^'  of  the  Whole  House,  in  order  that  any  erroneous  ira- 
]>reNHionH  that  mi^ht  bo  derived  therefrom  shall  be  correct-ed. 

The  following  api>earH  as  u  portion  of  his  n^marks  in  the  Reconl  of  the  Uth  instant, 
page  :n : 
**  I'nited  States  surveys  and  explorations  went  of  the  onehundn»th  meridian, 

Lieut,  (leorjje  M.  Whwder  in  charge,  1H09-79 #549, 3W 

*•  (ieuenil  Humphreys  dcMJs  uot  reiiort  the  salaries  of  officers,  soldiers,  and  detaile<l 
men  from  other  departments,  and  other  sources  of  expenditures.  If  these  were  included 
it  doubtless  would  raise  the  amount  to  over  |l,r>UO,0<X).'' 

Referring  to  House  Ex.  Doc.  88,  Forty-ftfth  ConKress,  second  session,  it  ap|>ears  that 
the  One  Hundredth  Meridian  Survey  had  exiiendeu  up  to  March  8,  1878,  as  follows  : 

From  Engineer  appropriations $368, 770  55 

Aid  and  supplies  from  Quartermaster*s  Department 121, 348  W 

Aid  and  supplies  from  Commissary  of  Subsistence 5, 135  M 

Aid  and  supplier  from  Ordnance  Department 4. 062  63 

Total  tothatdate 499,316  7^2 

Amount  appropriated  for  the  fiscal  year  ending  Jnne  30, 1879 50, 000  OU 

Total 549,316  T2 

8alaries  of  officers  since  commenoAuient,  to  include  February  14,  1879.. .        66, 838  13 

Total 616,144  85 

Amount  stated  by  Mr.  Atkins 1,500,000  OU 

Diffewnoe 883,855  15 

The  officers  performing  professional  serrices,  their  salaries  are  properly  chargeable 
to  the  tot«l  cost  of  the  survey.  The  ''soldiers^  are  paid  the  same,  whether  detailed  as 
«acorts  upon  this  work  or  not,  nor  are  they  diverted,  except  temporarily^  from  their 
usual  field  of  duty ;  and  they  do  not  add  to  the  aggregate  of  resnltSi  bat  on  the  con- 
trary, by  the  necessity  of  their  presence,  prove  that  the  labors  are  conducted  in  the 
face  of  more  than  ordinary  obstacles.  Their  expense  has  not,  therefore,  been  consid- 
<ered  properly  chargeable  to  the  work. 

No  men  have  been  detailed  from  ''other  departments.^ 

It  is  not  known  by  ''other  sources  of  exi^enditure  "  to  what  allusion  is  made. 

Farther  on  in  his  remarks  upon  the  subject  of  surveys  Mr.  Atkins  states  as  follows 
<see  Record  of  the  19th  instant,  page  85): 

"And  we  appropriat^^d,  I  believe  it  was,  $100,000  for  the  Wheeler  survey,  besides  the 
trau8port4ition  that  is  famished  to  Lieutenant  Wheeler  by  the  War  Department,  which 
amounts  to  as  much  more.'' 

The  amount  actually  appropriated  and  as  shown  above,  for  the  yesir  ending  June  30. 
1879,  was  $50,000,  instead  of  $100,000^  W^hile  it  is  impossible  to  furnish  the  exact 
amount  paid  for  transportation  since  March  8, 1878,  as  the  field  accounts  arc  not  yet  i^l 
■at  hand,  still  the  approximate  amount  paid  by  the  Quartermaster's  Department  for 
this  purpose,  to  include  January  31,  1879,  is  not  to  exceed  $24,000. 

Instead  of  $200,000  for  the  year  in  cpiostion,  as  would  be  inferred,  the  summation  of 
the  ap])ropriation  and  cost  of  transportation  is  not  to  exceed  $74,000. 

I  have  the  honor  to  request  that  the  information  contained  in  this  statement  may  In* 
forwanlcd. 

Very  respectfully,  your  obedient  servant, 

Geo.  M.  Wheeler, 
First  Lint  tenant^  Corps  of  Engineers,  in  chnrgf. 

I'ol.  H.  G.  Weight, 

Acting  Chief  of  Enginevrn,  U,  <S'.  A. 

[First  indorgeiueut.J 

Office  of  the  Chief  of  Engineers, 

WoMhingtoUf  Febrnartf  20,  1879. 
Kespcctfullv  submit t(Ml  to  the  honorable  the  Secretary  of  War. 

H.  G.  Wright, 
Acting  Chief  of  Engineem, 
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liideiKMuleiit  of  the  great  value  to  tin*  War  Department  of  constantly 
imi)roving  detailed  inai)S  for  its  current  uses,  the  resulting  advantage 
to  its  oflBcers  engaged  ui)on  these  surveys  lies  in  the  experience  gained 
with  men  and  affairs,  and  in  studying  the  terrain  within  tlu^  field  of 
vision,  from  actual  measurements  made  of  roads,  trails,  streams,  and 
relative  elevations,  thereby  educating  that  •'  tonp  (VonJy  so  essential  to 
the  commander  in  time  of  war,  and  which  has  been  considered  of  great 
importance  in  foreign  countries,  and  should  not  be  lost  sight  of  in  our 
own. 

ESTIMATES. 

For  tlu»  piT|»a ration.  mul«'r  the  diroclion  of  tlio  Secit'tjiry  of  War,  of  ri'jiorts  and  maps, 
and  such  other  iUnstrations  as  may  hv  n<-cessa.ry  in  coniidetinj;  thr  office  work  of 
the  g<'ograj»hieal  and  topojjraphical  survey  of  the  territory  of  tlic  United  States 
west  of  the  lOOth  meridian,  inelndinj;  eost  of  engraving  and  printing,  thirty  thonsaiid 
doHars,  to  he  imme«Uately  avaihihk'. 

To  he  expentled  somewhat  as  follows: 

For  office  exjienses,  inelndinjr  pay  of  assistants iji?l9, 500  00 

Forstorage BOO  00 

For  engraving  and  printing  majw  and  chart** 8, 000  00 

For  ]>reparation.  engraving,  and  printing  plates,  cuts,  pliotographs.  and 

other  ninstrations 1,000  00 

For  office  contingencies 1, 000  00 

30,000  00 

It  is  estimated  that  for  filling  gaps  in  the  triangulation  and  topograph- 
ical work,  thereby  admitting  of  the  completion  and  publication  of  a 
number  of  atlas-sheets,  a  like  amount  will  be  sufficient. 

FIXAXCIAI.  8TATKMKXT. 

Amonut  expeiMle<l  from  appropriation  for  the  fiscal  year  ending  J  idy  1, 1879.  !jl48,  4 14  fid 
Amount  rcmaiuing  unexpended  July  I,  1879,  from  appropriation  for  con- 
tinuing the  offic-e  work  of  the  gcofijraphical  snrveyH  of  tho  t-erritory  of 
the  United  States  west  of  the  lOOfli  m(>ridian  ft>r  the  fiscal  vc^ar  en<ling 
June  30,  1880 20,«»00  0# 

Respectfully  submittexl. 

(rEO.   M.   WhEKLEB, 

Captmn  of  Engineern^  in  rhnrgv. 
Brig.  Gen.  H.  (4.  Wright, 

Chief  of  EngineevH^  U.  S.  A. 


AI»1»KN1»1X   A. 

REI'OKT  OK    LIKUTKXANT   S.  K.  TILLMAN',   CORPS   OK  "EXOIXEKKS,   IX    CHAIUiK   OK   PARTY 
NO.  1    UTAH    SKCTIOX,    FIELD   SEA80X   OK    187H. 

Washingtox,  D.  C,  March  :U,  1879. 

Siu  :  1  have  the  honor  to  snbuiit  the  following  report  npou  the  operations  of  the 
])arty  under  my  charge  dnring  the  field  season  of  \^S,  together  with  a  bnef  descrip- 
tion of  the  country  visited  and  a  stat>nient  of  present  condition  of  office  work. 

I  left  Washington  Jnly  19  aid  reached  Ogdeu  on  the  *24th.  At  this  point  the  ontfits 
for  three  parties  were  collected.  Indian  troubles  in  Idaho  prevented  the  tield  work 
from  being  conducted  to  the  northward  from  Ogden,  as  was  originally  intended.  The 
parties  were  organized  at  ()J;deu  and  transported  by  rail  to  the  vicinity  of  the  new 
areas  selected.  The  area  choseu  for  the  operations  of  the  party  under  my  charge  is  in 
atlas-sheet  47rt  of  progress  map,  and  is  situated  between  the  parallels  of  :JIN  .50'  and 
40O  40',  and  the  meridians  of  120-  37'  'M)"  and  l-2-2^  00'  00".  It  lies  to  the  westward  of 
and  contiguous  to  areas  mapped  in  187ti  and  1877. 
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Cbico,  a  towu  ou  the  California  aud  Oregon  division  of  the  Central  Pacih  c  Railroad^. 
was  chosen  as  a  base  of  oiierations,  and  here  the  supplies  were  collected.  The  partj 
as  organized  consisted  of  m^'self,  in  charge,  Mr.  Gilbert  Thompson,  principal  aasistaDt 
and  topographer;  Mr.  J.  S.  Polhemus,  assistant  topographer;  Mr.  Lonis  Seckles,  meteor- 
ologist; Mr.  John  Bishop,  odometer  recorder;  one  enlisted  man,  two  packers,  and  a  cook. 
Before  my  arrival  at  Ogden,  Mr.  Thompson,  with  a  packer  and  the  soldier,  had  been 
sent  out  towards  Bear  Lake,  for  the  purpose  of  obtaining  the  data  necessary  to  com- 
l>lete  an  atlas  sheet  of  the  previous  season.  With  the  exception  of  that  i>ortioii  in 
use  by  Mr.  Thompson,  my  outfit  left  Ogden  on  July  *^  by  freignt.  Mr. Thompson,  with 
remainder,  left  on  August  I.  Ou  August  8  everything  had  reached  Chico,  and  on  the 
morning  of  the  Dth  the  rendezvous  camp  was  left  for  the  field,  the  party  taking  thirty- 
five  days*  rations. 

The  country  to  be  mapped  lay  principally  in  the  Sierra  Neva<la  Mountains,  bnt  at 
the  southwestern  corner  extended  a  few  miles  into  the  Sacramento  valley.  The  limit- 
ing line  on  the  west,  for  the  greater  portion  of  its  length,  fell  in  the  fooc-hills  of  the 
Siernis.  Chico  was  a  little  way  outside  the  area.  In  starting  from  the  rendezvous 
camp  it  was  my  intention  to  make  the  complete  circuit  of  the  area,  accompUshinsc  as 
much  as  possible  from  a  single  line  and  obtaining  a  definite  idea  of  the  country.  With 
this  intention  the  party  moved  along  the  southern  limit  of  the  sheet  until  reaching 
the  North  Fork  of  Feather  River.  At  this  point  the  cafion  of  this  stream  could  not  be 
crossed  and  a  long  detour  to  the  south  had  to  be  made.  The  crossing  was  effected  at 
Oroville,  and  the  stream  was  ascended  until  the  original  line  of  travel  was  reached 
and  resumed.  The  physical  features  of  the  country  caused  me  to  abandon  the  idea  of 
a  reconnaissance  trip  around  the  entire  area.  The  accompanying  topographical  sketch 
shows  tha  lines  of  travel,  and  from  the  consecutive  numbers  of  the  uamp  the  direction 
of  the  travel  is  known.  The  principal  points  occupied  fi)r  topograpical  and  geodetic 
purposes  are  al^o  indicated  on  the  sketch. 

Chico  was  revisited  September  II  for  supplies.  Between  the  dates  of  leaving  and 
return  to  Chico  22  camps  were  made  and  two  approximately  parallel  lines  of  travel 
were  run,  extending  from  Chico  to  the  eastern  limit  of  the  work.  The  party  left 
Chico  the  second  time  on  September  14,  with  20  days'  rations,  and  supplies  for  40 
days  were  at  same  date  sent  to  Prattville  by  wagon  Reference  to  the  sketch  will 
again  show  the  lines  and  direction  of  travel,  the  principal  topographical  stations,  and 
the  places  named.  The  party  reached  Prattville  on  September  2fi,  and  made  it  a  base 
of  operations  from  that  date  until  October  16.  On  October  3,  a  portion  of  the  party, 
under  charge  of  Mr.  Seckles,  was  left  in  camp  at  Prattville,  the  remainder  operating 
in  the  direction  of  Lat>sen's  Butte.  The  small  party  at  Prattville  made  hourly  readings 
of  the  barometer  from  7  a.  m.  to  9  p.  m.  daily,  from  the  3d  to  the  I3th  of  October. 
On  October  16  the  party  left  Prattville  for  the  last  time,  taking  the  supplies  left  at 
that  date.  The  general  movement  was  thence  to  Greenville,  Taylorville,  and  Sosan- 
ville. 

The  successive  camps  and  subsequent  movements  of  the  party  are  shown  on  the 
sketch,  and  any  other  remarks  upon  them  are  deemed  unnecessary.  Snsanville  was 
reached  October  23.  Camp  63,  opposite  Red  Bluff,  was  made  November  14,  and  Chico 
was  reached  December  '»,  where  the  party  was  broken  up.  The  natural  aud  physical 
features  of  the  section  made  it  a  difficult  one  to  examine  with  satisfaction.  Nearly 
the  entire  surface  is  covered  with  timber  or  underbrush,  which  renders  observation  for 
topographical  purposes,  except  from  the  most  prominent  points,  very  difficult.  The 
lack  of  distinctly  marked  and  naked  points  rendered  it  necessary  to  fix  most  oC  the 
topographical  stations  by  observations  from  them,  the  observations  to  them  being  gener- 
ally uncertain.  The  sketch  is  intended  to  convoy  an  idea  of  the  work  done.  The 
streams  are  pretty  fully  shown  ;  the  full  lines  are  measured  meandered  roiuls  ;  where 
there  are  dotted  lines  ^o  roads  existed.  When  such  lines  are  along  trails,  it  is  indi- 
cated. For  the  reasons  already  given,  much  was  made  to  depend  upon  the  meandered 
lines.  Every  line  of  this  sort  which  would  give  a  reasonable  amount  of  topography 
was  run.  From  the  topographical  stations,  the  usual  full  sketches  were  made.  The 
triangulation  was  an  extension  of  that  of  l!:?76  and  1877. 

There  were  occupied  for  topography  and  located  by  observations  on  known  points 
50  stations;  eight  of  these  were  meander  stations  also.  There  were  ma<le  5,167 
meander  stations,  from  many  of  which  more  or  less  extended  sketches  were  made. 
One  thousand  three  hundred  and  twenty-one  miles  were  meandered  aud  965  traveled, 
not  meandered.  Sextant  altitude  observations  were  taken  at  15  camps.  Oltservatiuns 
for  altitude  of  136  points  were  made  with  cistern  barometer  and  1,129  with  aneroid. 
The  aneroids, except  upon  a  few  occasions,  were  compared  tri-daily  with  the  cistern. 
The  variation  of  the  needle  was  determined  at  30  points. 

In  accomplishing  the  results  here  given,  108  days  were  gccupied  in  actual  field  work. 
Stormy  weather  delayed  the  party  10  days,  and  10  other  days  were  occupied  in  camp 
transcribing  and  arranging  collected  data.  In  addition  to  the  above,  Mr.  Thompson 
accomplished  9  days*  field  work  aud  2  of  camp  before  joining  the  party  at  Chico. 

The  party  was  provided  with  the  usual  allowance  of  iustruments,  to  wit :  I  sextant 
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and  horizon:  1  triaugulatioii  instrument— 10  incb,byStackpole;  2  topoj(rapher*H  tran- 
aiUi — niiuutf)  inntrunients;  2  cistern  barometers;  2  aneroid  barometerrt;  2  psyohrome- 
iers;  1  maximum  and  minimum  thedrmometer ;  *2  pocket  thermometers. 

In  closing  this  portion  of  the  report,  it  givee  me  pleasure  to  certify  to  the  zeal,  en- 
<)rgy,  and  fitness  of  my  assistants.  Mr.  Thompson  has  accompanied  me  in  the  same 
capacity  for  three  successive  field  seasons.  His  interest  in  every  detail  of  the  work, 
his  untiring  energy,  long  experience,  and  familiarity  with  the  work  <!  have  each  year 
testified  to.  Whether  engaged  upon  triangulation,  topographical,  or  meander  work, 
I  believe  that  he  always  accomplishes  the  best  results  at  the  least  expenditure  of  time 
and  labor  that  his  means  allow.  Mr.  Polhemus  came  to  the  field  familiar  with  the 
instruments  but  uuacquainted  with  the  kind  of  work.  He  acquireil  with  marked 
rapidity  a  knowledge  of  the  requirements  of  the  work,  and  his  interest -and  energy 
made  him  a  most  valuable  assistant.  Owini^to  the  capacity  of  these  two  assistants  we 
were  often  able  to  have  all  three  of  4he  topographical  instrnmf^nts  in  operation  at  once, 
•nd  very  frequently  indeed  two  of  theoi  were  lieing  use<l.  The  party  was  thus  able  to 
IM^complish  far  more  than  the  addition  of  u  single  assistant  would  seem  to  imply. 
Ilr.  SeckleH,  in  addition  to  the  ordinary  duties  of  the  meteorologist,  kept  the  aneroid 
and  odometer  record.  He  was  faithful,  conscientious,  and  intelligent  in  the  perform- 
ance of  his  work,  and  the  full  value  of  his  services  were  not  appreciated  until  his 
irork  came  to  be  reduced. 

The  country  embraced  in  the  sketch  lies  j[Hineipally  in   the  Sierra  Nevada  Moun- 
Ains.    The  true  summit  line  of  the  mountains  ix  shown,  as  also  the  terminating  line 
rf  the  western  foot-hills.    The  distinctly  marke<l  eastern  wall  of  the  mountains  dis- 
|>l»ears  at  Thompson's  Peak,  near  Susanville.    The  range  is  broken  int.o  numerous  conee 
Hd  confusing  spurs.    The  northwest  section  was  ouco  the  seat  of  intense  vulcanic 
etiou,  and  is  dotted  with  ancient  craters — the  most  marked  being  that  of  Lassen^s 
Intte,  which  has  an  altitude  of  10,400  feet,  and  stands  1,000  feet  above  any  point 
it  bin  75  miles.     From    the    bordering    lines  of  the   foot  hills   in   the    Sacramento 
ftlley  long  spurs  of  even  grade  extenn  to  the  northeast.    The  highest  points  of  the«e 
Hir»  form  a  line  called  the  western  summit.    This  line,  so  far  as  our  work  is  con- 
Viied,  culminates  at  Lassen's  Hutte.    South  of  this  |>oint  the  western  summit  line  is 
^nons,  its  general  direction  being  a  little  east  of  south.    Between  the  two  summit 
lea  are  situated  several  small  valleys,  the  most  important  of  which  are  the  Big  Mead- 
re,  Indian  Valley,  American  Valley,  Mountain  Meadows,  Butt  Valley,  Deer  Creek 
lodows,  Battle  Creek  Meadows.    The  little  town  of  Pratt ville  is  at  the  southern  end 
Big  Meadows.    There  are  several  stores  and  a  hotel  at  this  i>lace.    It  is  largely 
|it«d  in  summer  by  the  residents  from  Sacramento  Valley,  and  affords  a  delightful 
tnge  from  the  oppressive  heat  of  that  valley.    The  extent  of  the  valley  is  approx- 
ttely  outlined  on  the  sketch  by  the  loop  formed  by  the  roads  from  Pratt  ville  around 
camps  :)5-4}^  and  back.    Taylorville  is  the  settlement  of  Indian  Valley,  and  is  at  its 
Itliern  point.    The  loop  of  roads  from  the  village  to  camps  44-43  and  return  shows 
I  extent  of  the  valley.    Quincy,  the  county  seat  of  Plumas  County,  is  situated  in 
lericaii  Valley.    This  valley  is  much  smaller  than  the  other  two  mentioned.    The 
ttntain  Meadows  are  north  of  Greenville,  and  are  completely  outlined  by  the  line  of 
rcl  starting  from  camp  4H<i  and  return.    Camps  41  and  \S  mark  the  southern  end  of 
Dall  valley  called  Butt  Valley.    It  extends  5  or  H  miles  up  the  creek  there  indi- 
td  and  varies  one-fourth  to  a  mile  in  width.    An  open  area  extending  a  couple  of 
IB  on  either  side  of  Longville  is  called  Humbug  Valley.    Deer  Creek  and  Battle 
ik  Meadows  are  situated  near  the  heads  of  those  creeks.    Camp  29  is  at  the  npper 
of  the  first-named,  and  camp  bS  the  lower  end  of  the  second. 
I  the  Big  Meadows,  Indian,  and  American  Valleys  the  cereals  and  different  kinds 
egetables  are  successfully  grown  and  some  fruit.    Butt  and  Humbug  Valleys  and 
Moantain  Meadows  have  permanent  occupants,  who  succeed  in  growing  a  few 
(Cables,  but  who  mainly  depend  upon  their  cattle  ranches.    All  the  valleys  named 
M>rt  herds  of  cattle  in  summer  and  yield  c^uantities  of  hay  for  their  sustenance  in 
fer.    The  waters  from  these  mountain  basins  pass  by  deep  and  picturesque  caAons 
le  Sacramento  Valley.     Along  the  courses  of  these  streams,  above  the  scorching 
of  the  Sacramento  Valley  and  below  the  mountain  snows,  are  situated  several 
Ikud  prosperous  farms.     For  the  greater  portion  of  their  lent^ths  these  cafians  are 
m  and  desolate,  and  will  forever  remain  so.    The  natural  scenery  of  the  region, 
tially  around  Lassen's  Butte,  is  seldom  surpassed.   From  this  lofty  cone  the  waters 
In  every  direction.     On  its  south  side,  at  an  altitu<le  of  about  7,000  feet,  is  situ- 
tk  beautifully  clear  lake.    From  this  lake,  by  an  almost  precipitouM  fall,  the  water 
nds  for  1,000  feet.    Rushing  on  in  its  down  ward  course,  it  passes  through  a  region 
4  springs.    The  whole  surface  of  the  ground  in  the  vicinity  of  these  springs  is 
I.     The  cold  water  from  above,  reaching  these  heated  points,  is  partially  converted 
i^am,  which  in  its  efforts  to  e8cai>e  sustains  an  almost  continuous  columu  of  wa- 
the  air.   In  some  places  the  generated  steam  is  recondensed  without  reaching  the 
je,  so  that  beneath  the  surface  appear  innumerable  little  jets  in  contin*ial  activ- 
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ity.  The  teuiperatiire  of  the  stream  befoi-e  reachiug  this  caldron  is  51'  ;  after  pass- 
ing tbroagh  it  is  )<>- . 

The  view  from  this  point  i**  particularly  fine.  On  either  side  the  lava-cappeU  ridges- 
risen])  l,50(>  feet,  and  to  the  north  La^sen^s  Bntte  extends  upward  *i,OOU  feet  more. 
Many  other  vents  existed  thron^h  which  vaporized  bodies  made  their  escape.  Some 
are  still  fechly  active,  and  far  up  the  cafion  sides  are  seen,  in  variegated  colors,  the 
effect  oi  the  heat  up<m  the  v<dciinic  rocks.  From  the  springs  there  continually  arisen 
a  dense  column  of  line  white  stean).  which  contrasts  l>eautifully  with  the  dark  green 
pines,  the  bright  earth,  and  S4»nihrecolored  rocks.  From  this  point  the  stream.  Mill 
Creek,  continues  t<»  the  stuithward  for  six  milesand  then  turns  to  the  westward  and  passes- 
to  the  Sacraiuento  through  a  grand  canon,  reported  to  be  impassable.  On  a  line  nearly 
due  east  from  the  spiings  just  meutioiied  are  situated  several  such  springs,  the  near- 
est batch  being  u|m)u  the  surface  of  the  ea.stcrn  wall  of  the  canon,  about  1,500  feet 
above.  Still  farther  to  the  east,  and  in  the'canon  of  Warner  Creek,  is  a  hirge  number 
of  these  springs.  More  to  the  cast,  and  in  the  same  line,  is  a  hot  lake,  heated  by  the 
escaping  steam  which  is  generated  under  pressure  at  lower  depths. 

The  most  easterly  of  these  springs  is  just  north  of  Willow  Lake  on  the  sketch, 
between  camps  :U  and  1^2.  This  is  situated  at  the  he^id  of  a  small  gulch.  A  cir- 
onlar  basin  ol  about  15  feet  diaqietcr  receives  the  |)ercolating  waters  from  the  aur- 
ronnding  sides.  Fnder  this  basin  superheated  steam  is  generated,  which,  escaping, 
keeps  the  water  in  continnal  agitation.  At  the  time  of  our  visit  the  water  at  one 
point  was  thrown  to  the  height  of  5  feet,  the  entiie  basin  being  at  the  boiling  teuiper- 
atare.  From  all  accounts,  the  action  is  continually  growing  less  energetic.  At  allot 
these  springs  the  action  in  decomposing  the  surrounding  rocks  is  seen;  s«imo  of  them^ 
from  the  continnal  agitation  of  the  waters  wearing  away  the  surrounding  sides,  have 
reached  a  rof)y  consistency.  After  reaching  this  state,  whenever  the  uplifted  waters- 
fall  beyond  the  basin  the  8uspende<l  material  is  again  deposited,  so  that  aronnd  many 
of  the  springs  little  craters  are  built  up. 

Lassen's  Butte  is  the  center  of  this  disturbed  region,  and,  owing  to  its  separatioo 
from  other  high  points,  is  very  prominent.  It  is  easily  ascended  by  the  southeast  spar. 
The  party  visited  it  on  the  (>th  of  October.  A  more  fitting  day  could  not  have  been 
chosen.  It  was  imme<liately  subsequent  to  a  storm,  and  the  atmosphere  was  olear  and 
still.  Mount  Pitt  on  the  north  and  Mount  Rose  ou  the  south  could  be  distinctly  seen. 
Mount  Shasta,  though  70  miles  away,  did  not  appear  half  that  distance.  The  mead- 
ows and  flats  of  the  mountain  region  and  the  Sacramento  Valley  were  all  open  to  in- 
spection. Their  famished  vegetation  lent  at  the  distance  a  pleasing  effect  to  the  view. 
The  point  is  itself  an  extinct  crater,  and  from  it  many  others  were  seen.  One  of  these, 
the  most  recent,  is  worthy  of  mention,  atid  is  shown  in  thn  sketch.  The  cone  is  a  per- 
fect specimen.  It  is  about  475  feet  high,  and  is  composfd  of  black,  granular  cinders. 
The  slopes  are  very  steep— about  45- — and  the  ascent  diflicnlt.  Upon  arriving  at  the 
upper  rim  the  interior  is  seen  to  coiiHist  of  a  double  funnel.  The  larger  funnel  extends 
about  30  feet  downward  and  then  a  second  ritn  exists,  which  is  the  base  of  the  smaller 
funnel.    This  funnel  is  about  \Mi  feet  deep  and  to  the  eye  sytnmetrical. 

At  the  south  point  of  the  circumference  of  the  base  of  the  cone  there  exists  x  sort  of 
arched  o|>ening,  displaying  tJie  black  lava  which  underlies  the  cinders.  From  this 
point  the  rigitl  curves  in  the  lava  .<«till  show  the  direction  of  the  flow,  which  was  first 
to  the  south  and  theti  to  the  east.  The  extent  of  the  flow  is  about  three-fonrths  of  a 
mile  wide  and  one  and  one-half  miles  long.  The  field  is  of  indescribable  roagliness. 
The  flow  terminates  in  an  abrupt  wall  about  100  feet  high.  The  whole  mass  is  so 
rough,  broken,  plowed  by  ravine^  uplifted  by  bubble-like  protuberances,  that  it  be- 
comes beautiful  and  grand  from  its  utter  desolation.  All  the  eastern  side  of  the  lava 
flow  is  bordered  by  a  lake,  which  evidently  existed  before  the  outburst.  It  is  divided 
nearly  in  two  by  the  lava.  Looking  from  the  point  upon  which  the  sketch  was  made 
the  whole  picture  is  peculiarly  tine.  In  the  foreground  is  the  cone  of  cinders,  a  per- 
fect frustum ;  the  lava  from  it  spreads  in  bleak  desolation  around  its  base;  the  dark 
blue  waters  of  the  lake  make  a  bonier  around  the  lava ;  then  the  many  shades  of 
green  from  the  mountain  sides  beyond  complete  the  strange  and  weinl  picture.  Dead 
tree^  are  still  standing  in  the  lake,  which  probably  only  reached  them  after  the  erup- 
tion. 

At  the  southwestern  base  of  the  cone  are  a  number  of  globular  concretionary  ma^ses^ 
a  sort  of  volcanic  bullet,  of  a  dark,  liquorice  color,  containing  white  quartz-like  crys- 
tals, probably  analcime  or  leiicite.  A  few  line  bushes  have  found  root  in  the  lava 
within  the  past  ten  years,  but  by  the  orditiary  observer  these  are  overlooked,  and  it 
appears  jiorfectly  barren. 

The  cone  here  mentioned  is  the  most  recent,  but  the  action  of  many  others  of  older 
date  has  been  more  powerful.  To  the  eastward  and  northward  the  craters  are  very 
numerotis,  aiul  they  rise  in  close  prox.imity.  In  the  basins  between  them  the  waters  from 
the  melting  ot"  the  accumulated  snows  of  winter  collect  and  form  lakes.  From  one 
point  1  counted  twenty-two  lakes,  varying  in  area  from '.5  .square  miles  to  as  many 
acres.     These  lakes  are  the  source  ot  many  lumntitiil  spriiigs.  whieh  burst  forth  in  the 
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monntaiu  valleys  to  the  south.  The  valleys,  Hats,  lower  caflons,  and  foot-bills  of  thi» 
section  afford  good  grazing ;  the  greater  portion  of  the  mountain  region  and  npper  foot- 
hills are  tiuibere<l  or  covered  with  chapparal,  and  grass  is  scarce.  Cattle  and  sheep 
are  driven  here  from  the  Sacramento  Valley  during  summer,  and  the  entire  area  i» 
tested  to  its  utmost  limits  to  support  them. 

The  vegetation  of  this  region  has  been  twice  described  in  survey  leports — tirst  in 
the  survey  for  a  Pacific  railroad  in  lH54,and  later,  in  the  geological  survey  of  California. 
The  valnable  timbers  are  the  dittereut  varieties  of  pine.  Near  the  head-waters  of 
Chico,  Antelope,  and  the  northern  tributaries  of  Battle  Creek  are  situated  nanierons 
saw-milN.  It  would  be  difhcult  to  tind  a  region  better  suited  to  the  production  of 
lumber.  It^  transportation  is,  however,  attended  with  ranch  ditlicnlty.  It  is  carried 
to  the  valley  both  by  flumes  and  wagons.  The  coiiHtruction  and  repair  of  flumes  make^ 
them  very  expensive,  and  transportation  by  wagon  is  diflicult  and  tedious,  owing  to 
rough  loads  and  Hteep  gradients.  Some  of  the  flumes  are  thirty  miles  long  and  in 
many  places  have  to  be  supported  by  expeuMve  trestle-work. 

The  general  geological  features  of  the  section  may  be  briefly  state<l.  From  Lassen^s 
Butte  as  a  center,  a  vast  sheet  of  lava  has  flowe<l  in  every  direction.  It  covered  nearly 
all  the  western  slopes  of  the  Sierras,  extending  (as  far  down  as  Red  Bluft*)  to  the  Sac- 
ramento River.  South  of  this  point  the  lava  did  not  reach  to  the  river.  The  son  th- 
em point  of  this  sheet  is  near  Oroville.  To  the  east  the  lavaextended  to  Snsanville. 
The  iiniit  of  the  flow  from  this  point  is  made  by  a  line  (on  sketch)  passing  thnmgh 
camps  4^",  4H/i,  4e6,  34,  4*;^,  *2H,  27,  11»,  21,  3,  and  6.  Before  the  western  slopes  of  the^ 
Sierras  were  C4)vered  by  lava  there  was  deposited  a  layer  of  conglomerate  composed  of 
fragments  of  metamorphic  rocks.  In  many  places  this  conglomerate  is  now  exposed, 
and  a  fuel  which  at  once  strikes  the  attention  is  that  at  the  lime  the  conglomerate  was 
formed  the  gradients  must  have  been  very  diflerent  from  the  present.  The  size  of  the 
matrix  stones  is  such  as  to  show  that  with  the  present  slope  they  conld  not  have  been 
brought  into  position  by  present  canses.  In  some  places — as  between  Bntte  and  Chico 
Creeks — the  lava  has  not  covered  the  conglomerate,  and  the  seilimentary  deposits  are 
seen  in  several  layers  Beneath  the  conglomerate,  Tertiary  and  Cretaceous  beds  were 
exposed  in  some  of  the  caftous.  Granite  appears  along  a  line  from  camp  5  to  6,  and 
from  camp  9,  along  a  line,  to  Oreenville.  It  also  appears  in  the  vicinity  of  camp  45 
and  is  exposed  in  a  narrow  belt  from  that  point  to  the  southeast. 

South  of  Greenville  there  is  a  quartz  mine  in  operation,  which  I  visited.  The  siiper- 
iotendent  was  unwilling  to  give  any  information  in  regard  to  the  mine,  bnt  referred 
me  to  the  owners  in  San  Francisco.  There  is  another  mine  in  the  same  vicinity  in 
operation,  but  it  was  not  visited.  Copper  and  iron  ores  were  seen  in  the  vicinity  of 
camp  45,  and  prospectijig  is  carried  on  in  the  granite  ledges  extending  from  that  point 
along  the  line  above  indicated.  Hydraulic  mining  and  prospecting  nave  been  exten- 
sively attempted  between  camps  f>  and  6.  Sedimentary  rocks  of  the  Pliocene  period 
make  np  the  remainder  of  the  exposure  of  the  section  embraced  in  the  sketch.  Around 
Lassen's  Butte  the  evidences  of  glacial  action  are  very  distinct  and  beantifnl.  To  the 
north  and  east  of  the  bntte  the  Java  covering  is  continuous.  The  more  recent  flows 
can  be  easily  distinguished  from  the  older.  In  one  place  along  the  old  emigrant  road, 
north  of  Lassen's  Bntte,  the  lava  crust  has  broken  in,  exposing  an  immense  arched 
cavern.  It  would  seem  that  the  upper  snrface  had  cooled  while  the  interior  was  still 
liquid.  This  liquid  subsequently  flowing  out  left  the  opening.  Far  down  on  the 
western  slopes  of  the  mountains  are  situated  several  extinct  craters.  The  lava-fields 
from  Oroville  to  the  north  are  principally  hard  basaltic  lava  with  occasional  layers  of 
ashes  and  scoriae.  Lassen's  Bntte  is  a  magnificent  mass  of  traohytic  tUbiis  with  pro- 
jecting ledges  of  the  same.  It  was  once  a  crater.  Rhyolite  is  fonnd  at  the  south  and 
eastern  base  of  the  butte,  which  at  a  distance  closely  resembles  gneiss. 

It  is  well  known  that  it  seldom  rains  in  this  section  between  May  and  November. 
At  the  time  the  party  left  Chico,  August  8,  the  Sacramento  Valley  was  oppressively 
warm,  parched,  dusty,  and  disagreeable.  The  day  temperature  frequently  exceeded 
100^,  while  the  night  temperature  was  3(P  to  40^  less.  The  daily  range  in  the  valley 
was  not  so  great  as  in  the  mountains,  though  the  daily  maximum  and  nightly  min- 
imum of  the  valley  were  both  greater.  The  valley  of  the  Sacramento,  as  viewed  from 
the  mountains  between  Augnst  and  December,  is  generally  enveloped  in  haze.  This 
baze  is  so  much  thicker  in  the  valley  than  above  that  it  is  outlined  like  a  wall  both 
horizontally  and  vertically.  It  was  a  source  of  mnch  trouble  in  topographical  and 
geodetic  observations.  The  obstructions  to  the  work  from  this  cause,  from  the  timber, 
and  from  the  long,  deep  cafious,  made  the  area  difficult  to  map  with  accuracy. 
•  The  accompanying  sketch  is  intended  to  render  intelligible  the  movements  of  the 
party,  and  give  an  approximate  idea  of  the  labor  bc8towed  in  the  work.  I  am  in- 
debted to  Mr.  Thompson  for  the  topographical  sketch,  as  well  as  the  drawing  o^  vol- 
canic cone  herewith. 

In  conclusion,  I  would  refer  to  the  obliging  kindness  of  (ioneral  H.  B.  Davidson, 
agent  of  the  Central  Pacific  Railroad  at  Chico.  His  disposition  to  as^tist  the  party 
greatly  facilitated  our  preparations,  and  saved  nie  gii^at  personal  annoy unee. 
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Aft-er  reaching  Chico,  on  December  5,  the  party  was  disbanded.  The  material  and 
uuimals  were  taken  to  Sacrament(».  I  was  detained  at  this  place  until  the  18th  of 
December,  in  connection  with  the  disbandmentof  the  parties  of  Lieutenants  Macomb, 
Young  and  Lndlow.  On  the  20ih  I  arrived  at Ogden,  at  which  point  I  remained  ei^ht 
days,  under  your  instructions,  for  the  purpose  of  starting  a  field  office  at  this  point. 
On  the'i^th  i  left  O^den  for  Washington,  aud  arrived  here  on  the  2d  of  January. 

OFFICE- WORK. 

Upou  arriving  at  the  office  I  was  directed  to  superintend  tlie  reductions  of  geodetic, 
topographical,  and  hypsometric  observations.  As  usual,  the  amount  of  work  in  these 
reductions  has  beeu  very  great.  In  the  geodetic  branch  Mr.  Miles  Rock  is  the  first 
assistant.  At  the  time  of  my  arrival  he  had  the  work  well  under  way.  He  has  prac- 
tically had  charge  of  its  execution  since,  seldom  receiving  any  advice  from  me  except 
as  to  order  of  sequence.  He  has  selected  and  arranged  the  figures  for  adjustment, 
and  been  employed  principally  upou  the  computations  for  adjustment.  His  thor- 
oughness, great  care,  and  perfect  system  are  all  that  could  be  desired  in  such  work. 
For  the  management  of  this  brancn  of  the  work  he  deserv^es  and  should  receive  the 
principal  credit.  In  this  branch  the  other  assistants  have  been  Mr.  J.  8.  Polhemos, 
Mr.  C.  J.  Kintner,  and  Mr.  William  Hoffman.  Mr.  Polhemns  Commenced  the  work 
upon  his  return  from  the  field,  and  has  been  continuously  engaged  upon  it  since,  having 
had  experience  in  every  step,  from' the  adjusting  of  angles  to  the  final  computation  of 
positions.  He  has  been  ver^  regular  in  attendance,  careful  and  systematic,  and  per- 
fectly satisfactory  as  an  assistant.  Mr.  Kintner  was  employed  temporarily,  and  was 
engaged  in  the  adjustment  of  figures  and  subsequent  oomputatious.  He  brought  his 
previous  experience  to  and  displayed  his  usual  rapidity  in  the  work  and  greatly  facili- 
tated the  reductions.  Mr.  Hoffman's  services  were  secured  about  the  middle  of  Jan- 
uary and  retained  since.  He  has  taken  part  in  every  step  of  the  reductions,  from  the 
station  a4justment  to  the  determination  of  the  final  position,  and  his  work  has  been 
satisfactory.  Dr.  A.  Einhorn  was  also  employed  a  few  days  in  this  branch  of  the  work. 
In  the  meteorological  branch  Mr.  F.  M.  Lee  and  Mr.  F.  W.  FJoyd  and  Mr.  John  Haason 
have  been  the  only  assistants.  Mr.  Hasson  was  employed  only  temporarily.  Mr.  Lee 
has  been  engaged  entirely  in  the  arrangement  and  computation  of  observations  from 
the  cistern  barometer,  and  Mr.  Floyd  entirely  in  the  computation  of  aneroid  profiles. 
These  gentlemen  are  neat,  careful,  and  conscientious  in  their  work,  and  it  is  sufficient 
commendation  to  call  attention  to  the  results  as  below  stated. 

In  the  geodetic  branch  at  the  time  of  writing  (April  15)  there  have  been  oompated 
the  positions  of  46  primary  triangulation  stations,  30  secondary  triangulation  stations, 
31  cross-sight  stations,  120  three-point  stations.  In  the  meteorological  department 
there  have  been  computed  805  altitudes  from  cistern  barometer  observations,  5,443 
from  aneroid  observations. 
Very  respectfully, 

8.  E.  TiLLMAK, 

First  Lieutenant  Corps  of  Engineers,  JJ.  S,  A. 
Capt.  Qeoroe  M.  Whebler, 

Corps  of  Engineers,  in  Charge, 
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report  of  lieutenant  t.  w.  sym0n8,  corps  op  engineers,  in  charge  of  party 
no.  1,  california  section,  season  of  1878. 

United  States  Engineer  Office  and  Observatory, 

Ogden,  Utah,  March  31,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  executive  and  descriptive  report  of 
the  operations  of  the  party  under  my  charge  during  the  field  season  of  1878. 

I  arrived  at  Carson  City,  Nov.,  on  the  12th  day  of  July,  under  orders  to  organize 
there  for  the  field  two  topographical  parties  and  one  geological  party.  Owing  to  delays 
in  forwarding  supplies  and  assistants  from  the  east,  it  was  not  until  the  ^th  day  of 
July  that  I  was  able  to  leave  Reno  with  men  and  instruments  to  rendezvous  at  Camp 
Bldwel>j  where  I  arrived  August  1.  August  4,  our  stores  arrive<l,  and  on  the  7tb, 
everything  being  in  shape,  we  started  for  our  summer  campaign  with  the  following 
personnel  and  outfit :  Lieut.  Thomas  W.  Symons,  Corps  of  Engineers,  executive  officer 
and  field  astronomer;  Charles  P.  Kahler,  topographer ;  Thomas  W.  Goad,  meteorol- 
ogist and  assistant  topographer ;   H.  W.  Henshaw,  naturalist;  Richard  Pitcher,  odom- 
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eter  recorder;  French,  Ssyres,  CoIUds,  and  Barrett,  packers;  and  Willson  and  Hen- 
derson, cooks. 

Oar  transportation  consisted  of  11  riding  niQles,  16  pack-males,  7  extra  males,  and 
a  bell-mare  and  oolt.  A  fall  set  of  the  instraments,  books,  <&c.,  necessary  for  oar 
work  was  famished.  Oar  instrument  for  taking  azimatbs  was,  however,  too  old  and 
worn  to  be  reliable  for  that  parpose.  It  was  my  intention,  if  possible,  to  carry  a  sys- 
tem of  trianfcnlatio.n  across  from  the  mountains  occupied  in  1877  by  my  party,  in  the 
vicinity  of  Surprise  and  Warner  Valleys,  in  a  northwesterly  direction,  to  the  hi^h 
peaks  of  the  Cascades.  This  I  found  to  be  entirely  impossible  in  the  time  at  my  dis- 
posal, owine  to  the  dense  base  which  prevailed  almost  uninterrnptedly  from  the  time 
of  leaving  Bidwell  until  we  reached  the  vicinity  of  Mount  Jefferson,  in  the  fall. 

The  people  of  the  country  inform  me  that  it  is  generally  very  hazy  during  the  sum- 
,  mer  in  Oregon,  but  that  for  some  reason  it  was  much  more  so  this  summer  than  ordi- 
narily. This  haee  must  be  attributed  mninly  to  the  tires  in  the  woods  and  swamps^  of 
which  great  numbers  came  under  my  personal  obaerration,  and  these  formed  but  a 
small  part  of  the  existing  ones.  Besiaes  those  which  occur  from  unexplained  causes, 
^at  numbers  of  these  nres  are  built  by  the  Indians  for  the  purpose  of  driving  game 
into  places  convenient  for  their  slaughter.  They  also  burn  off  the  marshes  in  the  lat- 
ter part  of  the  summer,  that  a  more  tender  and  nutritious  grass  may  grow  for  their 
ponies.  The  haae  is  also  very  largely  attributable  to  the  impalpable  dust  which  rises 
from  the  desert.  The  winds  grind  the  dry,  cinder-like  vegetation  of  the  great  arid 
plains  and  mountains  to  atomic  tineness,  and  then,  carrying  it  aloft,  it  mingles  with 
the  smoke  and  forms  the  impenetrable  clouds  which  so  seriously  impede  the  work  of 
the  surveyor. 

Oar  first  station  after  leaving  Camp  Bidwell  was  Sugar  Loaf  Mountain,  a  triangula- 
tion  station  of  the  previous  year.  Leaving  this  we  went  around  to  old  Camp  Warner, 
and  then  moved  to  the  north.  On  Rabbit  Creek  we  found  a  deserted  cabin,  and  quite 
a  large  number  of  cattle  and  horses  which  had  undoubtedly  l>een  deserted  by  the  owners 
for  fear  of  the  Indians  who  had  devastated  portions  of  Warner  Valley,  only  a  short 
distance  away. 

Bidding  adien  to  Rabbit  Creek  and  its  myriads  of  little  scampering  inhabitants  from 
which  it  takes  its  name,  we  crossed  a  range  of  hills  where  bunch  grass  and  springs 
could  furnish  food  and  drink  for  many  cattle,  and  then  on  to  the  north  across  the  great 
arid  rocky  plateau  lying  to  the  east  of  Abort  Lak^  So  rocky  and  barren  is  this  great 
plateau  that  not  a  living  thing  was  seen  during  our  journey  across  it.  In  tlie  distance 
we  conld  see  the  outlin^  mass  of  a  mountain,  which  guided  us  and  which  I  wished  to 
occupy  if  the  haze  should  diminish  sufficiently.  Arriving  near  it  toward  nightfall  we 
spread  out  in  search  for  water,  but  the  hillsides  and  ravines,  so  far  as  we  could  find, 
were  as  innocent  of  water  as  are  the  mountains  of  the  moon.  •  After  traveling  some  tioEie 
into  the  night,  we  found  a  place  where  a  little  water  conld  be  dipped  up  from  about 
the  roots  of  the  tnles,  and  here  we  made  camp  and  passed  a  night  made  hideous  by  the 
bites  and  songs  of  myriads  of  mosquitoes,  the  wailing  cries  of  the  coyotes,  and  the 
stifling  atmosphere. 

As  early  as  possible  in  the  rooming  we  moved  out  to  the  westward,  and  after  travel- 
ing several  miles  found  a  beautiful  spring  in  the  northwestern  part  of  the  valley,  where 
men  and  animals  slaked  their  raging  thirst,  and  then  keeping  on  to  the  westward  over 
a  rolling  saji^-brush  country  utterly  desolate  and  waterless,  we  at  last,  at  nine  o'clock^ 
in  the  evening,  reached  Chewancan  marsh  and  camped  on  the  banks  of  the  Chewaucan 
Creek. 

This  marsh  or  valley  is  divided  into  two  parts  very  similar,  and  separated  by  an  in- 
tervening range  of  hills,  except  at  the  low  place  where  the  stream  breaks  through. 
They  are  both  low  and  marshy,  and  overflowed  in  the  spring,  and  while  a  small  pro- 
portion has  been  reclaimed,  by  far  the  larger  part  is  still  a  tnle  and  marsh  grass  flat^ 
famishing  a  good  winter  range  for  cattle  that  live  on  the  hills  in  the  summer.  The 
Chewancan  flows  through  these  two  divisions,  not  as  a  stream,  but  by  being  dissem- 
inated through  them  to  form  the  marsh,  and  then  leaving  as  a  creek  to  flow  into  the 
south  end  of  Abert  Lake,  which  is  its  sink.  Some  ranches  have  been  taken  up  and 
worked  where  there  are  streams  coming  down  from  the  mountains  and  about  the  npper 
end  of  the  northern  marsh.  I  cannot  bnt  think  that  there  is  a  very  prosperous  future 
for  this  valley  when  capital  and  enterprise  are  found  to  make  the  necessary  improve- 
ments for  reclaiming  the  entire  valley,  which  can  be  done  by  turning  the  stream  and 
forming  an  irrigating  ditch  of  it  along  the  base  of  the  mountains  which  constitute  the 
western  boundary  of  the  valley.  This  wqnld  drain  the  swamps  and  furnish  water  for 
irrigating  the  reclaimed  and  the  now  arid  and  waste  land  between  the  swamps  and  tte 
iDoantains. 

The  creek  discharged  when  we  were  there  in  the  dry  season,  in  the  middle  of  Aiigu^t, 
about  26  cubic  feet  of  water  per  second,  an  ample  sufficiency  for  every  purpose.  It 
rises  in  the  mountains  to  the  west,  is  full  of  the  finest  trout,  and  about  its  sources 
thousands  of  cattle  find  abundant  summer  range.  Timber  is  plenty  and  within  easy 
distance,  and  a  saw-mill  is  in  operation  on  the  divide  between  this  valley  and  Qooae 
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Lake.    Any  one  viBiting  this  valley  in  a  few  years  will,  I  believe,  find  it  inhabited 
by  many  hundreds  of  people. 

Leaving  Cbewancan  we  proceeded  to  the  north  over  a  low  barren  divide  into  Samner 
Lake  Valley,  and  kept  on  np  the  western  side  of  the  valley  to  Foster's  ranch.  Tbit 
lake  is  of  bitter  alkaline  water,  entirely  nnfit  for  use  except  as  a  goose  and  dnck  poud. 
It  is,  I  believe,  strongly  impregnated  with  borax,  bnt  am  nuable  to  say,  as  the  water 
collected  has  not  been  analyzed.  Most  of  the  fertile  patches  along  the  lake  are  taken 
np  and  under  cultivation.  1  am  informed  that  the  climate  in  this  valley  is  mncb  milder 
in  winter  than  it  is  in  any  of  the  neighboring  valleys,  and  can  well  understaod  why 
it  ohonld  be  so,  for  all  the  west  shore  of  the  lake,  which  is  the  onl^  part  inhabited,  is 
shut  in  on  threi*  sides  by  the  almost  perpendicnlar  cliff's  of  the  Rim-rock  Monntams, 
and  consequently  none,  or  at  least  very  few,  of  the  chilling  winds  of  winter  can  reacb 
it,  while  the  lake  on  the  east  acts  as  a  great  heat  reservoir. 

As  it  continued  uninterruptedly  hazy,  I  gave  np  all  attempts  to  carry  any  triAngn- 
lation  across  to  the  Cascades,  and,  leaving  Foster's,  struck  out  for  Klamath  by  croaaiDi; 
the  Rimrocks  by  the  old  Fremont  Pass,  and  moving  westward  throngh  the  timber 
until  the  Sykan  Marsh  was  reached.  This,  at  the  time  we  visited  it,  appeared  a  level 
meadow  about  fifteen  miles  long  and  ten  miles  broad,  covered  with  splendid  grass. 
A  tine  stream  flows  throngh  the  valley,  with  its  banks  bordered  with  tall  willows  and 
its  waters  enriched  with  great  nnmbers  of  large  brook-tront,  of  which  sever al  were 
caught,  weighing  from  four  to  six  pounds  each.  I  was  subsequently  informed  that 
the  whole  place  is  flooded  in  the  spring  and  remains  covered  with  water  nntil  Jone. 
The  water  has  for  its  outlet  the  north  fork  of  the  Spragne  River,  and  in  the  years  paM 
has  so  dammed  np  the  outlet  at  the  southern  end  of  the  valley  by  allnvial  accumala- 
tions  that  at  high-water  in  the  spring  the  overflow  is  caused.  The  remedy  is  easy  and 
unquestionable,  bv  which  the  whole  place  may  be  reclaimed.  It  is  the  same  actiua 
that  has  taken  place  in  Goose  Lake,  whereby' its  outlet  into  Pitt  River  has  been  de- 
•stroyed.  This  valley  lies  partly  in  the  Klamath  Indian  Reservation,  but  the  Indians 
seem  to  make  no  use  of  it  at  present. 

Leaving,  now,  the  southern  end  of  this  pretty  valley,  we  proceeded  to  the  sontlh 
westward,  in  the  direction  of  Fort  Klamath.  Our  way  lay  through  the  unbroken  for- 
ests of  pine,  tamarack,  cedar,  and  sprnce;  the  soil  of  volcanic  sand  and  ashes  so  light 
that  at  each  step  our  mules  sanl^into  it  above  the  fetlock  joints.  Every  now  and 
then  a  tract  would  be  encountered  which  had  been  swept  over  by  tire  and  hnrricane, 
covering  the  ground  with  a  network  of  charred  and  dead  trunks,  making  progress 
doubly  difficult'  and  tedious.  No  grass  and  no  water  exists  in  these  sterile  wastes  «*x- 
cept  little  widely  scattered  patches  and  springs,  and  it  was  with  great  Joy,  after  beiDK 
for  several  days  in  these  woods,  that  from  the  summit  of  a  divide  we  came  in  sight  of 
the  Cascades,  and  knew  that  for  the  present  our  weary  plodding  through  the  deep  and 
untrodden  sand  was  nearly  over. 

Soon  we  came  to  the  old  Oregon  Central  Military  Road,  and  continued  on  down  it 
nntil  we  came  to  the  Spragne  River,  thence  down  this  noble  river  and  across  its  trib- 
utary, the  Williamson  River,  to  Fort  Klamath.  Both  the  Spragne  and  Williamson 
Rivers  have  considerable  bottom  lands,  which  are  now  going  to  waste,  for  the  Indians 
feed  bnt  few  ponies  on  them  and  cultivate  but  an  intinitesimal  portion  of  the  soil 
Flowing  over  i)ebbly,  rocky,  and  sandy  bottoms,  and  with  banks  bordered  by  great 
pine  barrens  or  beaver-inhabited  cottonwood  bottoms,  green  meadow  lawns  or  willow 
slumps,  the  streams  of  this  vicinity  are  the  most  beautiful  in  the  world.  Nothing 
•could  be  more  pure  and  clear  than  the  waters  of  the  Spragne  and  Williamson  Riveis, 
«nd  Fort,  Wood,  Annie,  and  the  other  creeks  about  Foj^t  Klamath.  All  the  streaiBft 
are  stocked  with  tish,  nowhere  else  to  be  found  in  such  abnndance  and  quality.  Trott 
of  from  three  to  fifteen  pounds  and  sometimes  larger  are  taken  in  these  streatiis. 

At  Fort  Klapiath  the  outfit  was  divided,  ai:d  Lieutenant  Wheeler  and  bis  {»arty  «et 
•out  northward  along  the  base  of  the  Cascade  Mountains  to  the  Columbia  Riv«r,  while 
1  with  five  men  ^ent  south  to  Mount  Pitt,  tbence  north  to  the  Columbia,  occupying 
as  1  went  the  high  peaks  of  the  Cascatles.  Going  around  by  Spring  Creek,  Pelicaa 
Bay,  the  Dead  Indian  Road,  and  Rancheria  Trail,  we  camped  at  Four  Mile  Lake,  and 
the  next  day  started  to  make  the  ascent  of  the  peak,  intending,  if  possible,  to  go  up  it 
by  the  long  ridge  which  juts  to  the  south. 

After  spending  most  of  the  day  in  picking  our  way  throngh  the  labyrinth  of  faUot 
timber  and  beds  of  rock,  we  were  completely  stopped  by  great  lakes  of  lava  bowlden* 
across  which  we  could  not  go  with  our  unimaU.  We  returned  to  camp,  and  after  ou? 
more  day  spent  in  vainly  endeavoring  to  penetrate  the  maze,  on  the  third  day  we  snc- 
ceedtd  in  climbing  the  peak,  takin|^  onr  animals  to  within  about  500  feet  of  the  top, 
where  we  camped  among  rocks  so  thick  that  we  could  not  find  a  plaice  to  attain  a  com- 
fortable position. 

The  next  day  we  occupied  the  peak,  and  took  such  observations  as  the  smoky  nature 
of  the  atmosphere  would  allow. 

Mount  Pitt,  or  Wal-um-sen-yein  (Rogue  River  Mountain),  as  the  Indians  call  it,  froD 
the  fact  that  it  is  the  highest  summit  about  the  headwaters  of  Rogue  River  and  its 
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tribntaries,  ib  the  most  sonthem  peak  of  the  Cascades  and  a  very  beaatifally  shaped 
cone>llke  sfcmctore  of  volcanic  rock.  Wherever  the  slopes  are  not  too  great  and  it  is  a 
little  sheltered,  the  roonntain  is  covered  abont  the  snmmit  with  ^reat  and  thick  masses 
of  snow.  The  ascent  is  extremely  difficult  and  perilous,  owing  to  the  great  rock  slides 
which  it  is  necessary  to  cross  and  sometimes  to  climb.  From  the  summit  the  view  is 
very  grand  and  extensive.  To  the  north  the  snowy  range  of  the  Cascades,  sharp  and 
jagged,  extends  until  lost  in  the  distance.  It  is  flanked  on  both  the  east  and  west  by 
nrimeroos  outlying  spurs  and  foot-hill  ranges.  To  the  south  the  various  mountain 
ranges  of  Northern  California  are  seen  in  wild  confusion  ;  while  towering  high  above 
all.  Mount  Shasta  shows  itself  clear  and  white.  To  the  west  we  overlook  the  fertile 
valleys  of  the  Rogue  River  headwater  streams,  with  their  intervening  mountains  and 
thriving  towns,  while  to  the  east  the  main  features  of  the  landscape  are  the  Klamath 
lakes  and  marshes  and  hills  of  no  great  height.  Woods  are  all  around  us  as  far  as  the 
eye  can  reach,  covering  every  hill,  bordering  every  b»ke  and  meadow — woods  of  yel- 
low, black,  and  sugar  pine,  of  tamarack,  spruce,  and  fir,  and  impenetrable  Jungles  of 
brush.    Spread  around  us  are  many  pretty  mountain  glacier  lakes  and  meadows. 

Leaving  Mount  Pitt,  we  retraced  our  steps  to  Klamath,,  and  from  thence  started  into 
the  wilderness  to  the  north,  our  first  objective  point  being  Mount  Scott,  the  next  high 
peak  of  the  range.  Onr  method  of  proceeding  was  to  make  as  accurate  as  possible  a 
time  meander  from  one  camp  to  another,  and  from  camps  to  peaks  and  return ;  to 
make  topographical  stations  on  mountains  and  hills  whenever  practicable;  to  take 
sextant  time  and  latitude  observations  at  each  camp,  to  make  cistern  and  aneroid  ob- 
servations  for  altitudes  at  short  intervals,  and  to  connect  our  work  by  triansulation 
through  to  the  Columbia  River  as  well  as  the  limited  time  at  onr  disposal  admitted. 
This  latter  part  of  the  work  was  rendered  impossible  by  the  smoke  and  haze  and  the 
necessity  for  haste  which  my  orders  demanded. 

The  soil  over  which  we  traveled  is  composed  of  volcanic  sand  and  ashes  interspersed 
with  basaltic  bowlders,  and  with  here  ana  there  an  exposure  of  trap-dyke.  Lumps  of 
ashy  conglomerate  without  grit  abound,  which  can  be  worked  into  any  shape  and 
furnish  an  excellent  powder  for  cleaning  purposes. 

We  were  continually  in  the  forests  of  pine,  except  when  we  crossed  the  western  arm 
of  the  Great  Klamath  marsh  or  traversed  some  little  glacier  meadow  or  tract  of  fallen 
timber  overthrown  by  fire  and  wind.  It  is  extremely  hard  traveling  through  this 
country,  the  soil  being  so  light  and  loose  that  our  mules  sank  fetlock  deep  at  each  step. 

Mount  Scott  has  the  same  general  features  that  characterize  most  of  the  Cascades.  It 
is  of  volcanic  origin,  hihI  is  covered  on  the  eastern  side  with  the  ashes  and  light  debris 
which  have  been  carried  over  from  the  west  and  form  a  comparatively  easy  slope  to 
the  snmmit.  On  the  west  the  bluffs  are  almost  perpendicular  walls  of  ignetuis  rock, 
ragged  and  torn,  among  which  nestle  great  masses  of  snow  sheltered  from  the  summer 
snus,  and  forming  reservoirs  of  water  which  irrigate  beautiful  patches  of  green  in  the 
lowlands  at  their  feet.  To  the  southwest,  following  down  these  walls,  we  come  at  last 
to  one  of  the  most  remarkable  and  interesting  features  c»f  nature's  handiwork  that  is 
to  be  found.  In  the  calm  stillness  of  an  exquisite  summer's  day,  lying  there  in  the  dense 
and  lonely  wilderness,  we  saw  Mystic  Lake,  a  great  elliptical  shaped  basin  of  water 
about  eight  miles  long  by  five  wide,  with  walls  of  unbn>ken  clifts  from  1,000  to  2,000 
feet  in  height  crowned  with  evergreens  and  pines.  A  litMe  conical  island  near  the 
center,  with  scattered  trees  upon  it,  is  the  only  occupant  of  this  weird  lake.  There  is 
probably  a  subterraneous  outlet  of  the  lake  in  Sand  Creek,  which  flows  to  the  east  and 
is  absorbed  in  the  waters  of  the  Great  Klamath  marsh  system.  Many  other  lakes  are 
to  be  seen  in  the  neighboring  regions,  and  interesting  bits  of  scenery  hidden  away  iu 
the  woods  and  hills. 

Leaving  Mount  Scott,  we  proceeded  northward,  skirting  along  the  eastern  base  of  the 
mountains,  passing  on  our  way  Mount  Thielson,  its  summit  peak  in  the  shape  of  a  cow- 
bom,  and  reaching,  on  the  14th  of  September,  Diamond  Peak,  another  of  the  typical 
high  mountains  of  the  Cascades.  I  ascended  this  peak  and  remained  on  its  snmmit 
several  days,  but  was  precluded  by  the  smoke  and  storms  from  making  any  ^ood  station. 
In  traveling  from  Mount  Scott  to  Diamond  Peak,  we  pasf  ed  the  divide  which  separates 
the  waters  of  the  Klamath  system  from  those  of  the  Deschutes  and  Columbia.  The 
Deschutes  drains  all  the  eastern  watershed  of  the  Cascades  from  the  latitude  43^  10'  to 
the  Columbia,  and  by  means  of  the  Crooked  Rivera  large  portion  of  the  great  interior 
basin  of  Central  Oregon. 

Odell  Lake  lies  to  the  east  of  Diamond  Peak  and  is  the  cradle  of  the  West  Fork  of 
the  Deschutes,  being  supplied  by  the  melting  of  the  great  snow  fields  and  glaciers 
abont  the  eastern  portion  of  the  Diamond  Peak  cluster.  It  is  a  very  wild,  romantic- 
ally-beautiful sheet  of  water,  in  size  about  five  miles  by  four.  Theie  is  no  grass  on  its 
borders  and  the  fallen  timber  and  dense  thickets  of  brush  and  tamaracks,  and  the  miry 
bogs,  made  it  impossible  to  reach  the  shore  with  our  animals,  and  we  were  obliged  to 
retrace  our  steps  for  some  distance  and  camp  on  the  supply  stream  of  the  lake,  where 
onr  mules  fared  very  badly,  as,  indeed,  they  had  done  most  of  the  time  that  we  were  iu 
this  timber-covered  country. 
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With  infinite  labor  we  projanressed  slowly  on  to  the  northeast ;  all  we  oonld  do  wm 
to  make  about  5  or  6  miles  per  day,  so  dense  were  the  forests  and  thickets,  so  soft 
the  soil,  so  steep  the  hills,  and  snch  intricate  masses  and  tracts  of  fallen  timber  block- 
aded our  way.  Climbing  one  day  around  the  brow  of  a  hill,  we  came  in  cligbt  of  so- 
other lake,  cliff  and  tree  environed,  and  with  bottom  lands  and  meadows  of  great 
extent,  with  what  appeared  to  be  mud-^ats  near  the  water.  This  lake  and  valley  wen 
about  12  by  6  miles  in  size,  and  took  ns  completely  by  surprise,  as  they  were  evi- 
dently in  the  course  of  our  West  Fork  and  were  not  represented  on  any  map.  Reai^- 
log  it  we  found  at  its  southern  end  many  acres  of  rich  grass  and  bunches  of  tall  wil- 
lows. Following  around  the  west  shore  to  the  northern  end,  we  ascertained  that  then 
was  no  visible  outlet.  We  saw  the  water-marks  20  ieet  alK)v^  us  on  the  lava-bloffo 
of  the  northern  and  northeastern  shores,  and  camping  beside  these  in  the  night  we 
heard  strange  rumblings  in  the  vast  pile. 

We  found  the  nest  day  that  these  lava  beds  formed  an  impassable  barrier  eztendiof 
unbroken  for  about  4  miles  to  the  noith,  and  at  their  end  wo  were  again  sarpiieed 
to  find,  foaming  out  from  underneath  the  giant  bowlders  the  clear,  cold  river  that  ve 
had  seen  lose  itself  in  the  lake  15  miles  and  more  to  the  south.  All  was  novr  plain  to 
us.  The  masses  of  lava  had  been  deposited  in  their  present  position  by  some  tremen- 
dous convulsion  of  nature,  forming  a  dam  to  the  waters  and  thus  making  the  lake  a&d 
green  grassy  valley  where  befoie  there  was  none.  The  noises  of  the  night  were  caused 
by  the  water  forcing  itself  through  the  interstices  of  the  rooks  and  wearing  them 
and  causing  them  to  tumble  upon  one  another.  The  water-mark  20  feet  above  ns 
shows  where  the  waters  rise  iu  the  spring,  when  the  mountain  torrents  are  swolleiL 
This  explains  also  why  we  fouud  the  valley  unsettled,  as  it  is  overflowed  the  greater 
part  of  tbe  spring  and  early  summer.  It  cannot  be  many  hundred  years  since  the  con- 
vulsion took  place  which  resulted  in  the  formation  of  this  singular  lake  and  vaDer. 
called  Davis  Lake  by  the  few  people  who  know  of  its  existence. 

Following  on  down  the  river,  through  the  great  forests  of  pine,  now  and  then  cut- 
ting across  a  bend,  and  often  crossing  tributary  streams  which  bring  the  snow  wat^s 
from  the  Cascades,  fieeiug  little  land  of  anv  value  for  agricultural  or  grazing  purposes, 
seeing  deer  in  great  numbers,  and  signs  of  other  large  game,  we  came  to  the  Spring 
River,  another  specimen  of  nature's  grand  way  of  doing  things.  The  sonroe  is  a 
spring  covering  acres  of  ground  and  sending  down  to  the  Deschutes  its  waters  in  s 
stream  200  feet  wide  and  2  to  4  feet  deep.  The  Three  Sisters  and  their  mountain  neigh- 
bors must  furnish  the  water  which  pursues  its  hidden  way  and  rises  at  this  givat 
spring. 

On  the  22d  of  September  we  reached  Farewell  Bend,  at  which  point  there  is  a  tod 
across  the  Deschutes.  The  river  here  is  about  400  feet  wide,  running  very  swiftly  over 
a  rocky  bottom,  with  a  nearly  uniform  depth  of  about  2  feet.  There  are  some  veir 
pretty  meadow  bottoms  along  this  portion  of  the  liver.  This  has  been  a  croesiDf- 
place  for  many  years,  and  receives  its  name  fn-m  tbe  fact  that  tbe  emigrants  going 
north,  east,  or  west  in  the  olden  anti-bridge  times  here  bade  farewell  to  the  river. 

From  here  we  marched  27  miles  to  Crooked  River,  going  by  the  old  emigrant  road. 
Our  way  lay  all  day  along  a  rocky  sage-brush  desert,  with  junipers  scattered  more  as 
less  closely  all  over  it.  It  was  a  great  relief  to  emerge  from  the  woods  in  which  we 
had  been  traveling  almost  continuously  for  over  a  mouth,  where  our  vision  had  been  so 
contracted,  out  into  tbe  open  country  where  the  broad  plains  were  spread  ont  befoie  bs 
as  far  as  the  eye  could  reach.  This  plain  across  which  we  traveled  presente  the  most 
unmistakable  evidence  of  having  been  covered  with  a  flow  of  molten  lava  fo>m  tlK 
mountains  to  the  west  of  us.  It  is  easy  to  distinguish  the  wave  fronts  where  the  Itoy 
|uas8  was  arrested  in  its  course  by  the  hardening  of  its  elements,  and  which  eni^iks 
ps  to  imagine  these  hundreds  of  square  miles  as  once  a  seething,  struggling,  torbtd 
lake  of  fire. 

At  Crooked  River  I  found  Lieutenant  Wheeler  and  his  party,  and  separated  again 
from  him  to  rejoin  the  party  at  Warm  Springs  A^ncy. 

In  going  from  Crooked  River  to  the  Warm  Springs  Agency  I  did  not  follow  the  road, 
but  struck  across  the  country,  intending  to  camp  on  Willow  Creek.  It  does  not  do  id 
this  western  country  to  expect  too  much,  even  to  expect  to  find  water  in  a  creek,  as 
to  our  diecomfort  we  discovered  on  reaching  Willow  Creek  that  evening.  We  made 
a  dry  camp  among  tbe  junipers,  and  consolf  d  ourselves  with  a  great  fire.  The  next 
day  we  reached  and  croeped  the  Deschutes,  after  descending  into  its  cafion  fully  1,000 
leet  below  the  plain  we  had  been  tiaversing.  Over  this  plain  the  bunch  grass  gievs 
in  great  luxuriance,  but  there  is  veiy  little  stock  upon  it,  owing  to  the  scarcity  ol 
water.  While  encamped  on  Crooked  River  a  stoim  in  the  mountains  covered  all  tlM 
peaks  with  snow  and  cleared  tbe  atmosphere,  and  on  our  way  to  the  agency  we  were 
greeted  with  a  prospect  the  grandeur  and  beauty  of  which  it  would  l^  hard  tosor- 
pass.  The  great  heights  of  Jefierson,  the  Three  Sisters,  Diamond  Peak,  and  all  tk 
lesser  mountains  of  the  range,  loomed  up  in  their  new  and  fresh  robes  of  snow,  pore 
white  against  the  clear,  blue  sky,  with  their  skirts  of  woodland  showing  folds  and 
creases  where  sunny  hill-slopes  and  shady  cafions  branched  from  the  parent  i 
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The  exquisite  beauty  of  this  day's  inarch  will,  I  hope,  never  be  obliterated  from  my 
memory. 

The  grand  caAon  of  the  Desohates  in  this  vicinity  is  about  1,000  feet  deep,  with 
walls  almost  perpendionlar  and  impassable  except  at  poiutH  quite  remote  from  one 
another.  All  the  country  seems  to  l>e  metamorphtc  is  its  upper  strata  and  lacustrine 
or  marine  in  the  lower.  To  the  west  the  conntry  is  considerably  broken  up  into 
ca&ous  and  ravines,  made  by  the  streams  coming  down  from  the  mountains.  The 
Warm  Spring  Indian  Agency  is  situated  on  cme  of  these  streams  about  a  mile  from  the 
Deschutes. 

Leaving  the  agency  with  an  old  Indian  chief,  Clem-tusch-na,  as  guide,  I  started 
for  Mount  Jefferson,  which  has  never  been  ascended.  The  mountain  was  enveloped 
in  cloudSf  and  after  experitmcing  a  driving  rain  for  two  days,  we  retraced  our  step;), 
as  we  judged  that  it  would  be. impossible  to  make  the  ascent  over  the  loose  snow  which 
had  fallen  during  the  past  few  days  upon  the  mountain.  ludiaus  out  hunting  came  iu 
with  the  information  that  the  snow  was  2^  feet  deep  at  the  base,  wbi-.ih  convinced  me 
that  it  was  too  late  to  make  the  ascent  of  either  Mount  Jefferson  or  Mount  Hood,  as  I 
had  intended  doing. 

Leaving  again  the  agency,  we  moved  to  the  north  over  the  rolling,  cut-away  mesa 
country,  and  at  about  S  miles  distance  came  to  the  Warm  Spring  River,  upon  which 
we  found  quite  an  encampment  of  Indians,  lolling  about  in  listless  idleness  in  the 
pleasant,  warm  weather.  At  the  Warm  Springs,  about  an  eighth  of  a  mile  from  the 
village,  there  were  a  number  of  Indian  women  disporting  themselves  in  the  batin 
which  had  been  hollowed  out  for  the  pnrposes  of  the  bath.  The  oaiion  of  this  creek 
is  very  deep,  and  over  the  hills  and  down  to  this  place,  which  is  the  winter  home  of 
the  Warm-Springs,  many  trails  lead.  Abont  the  caflon  and  on  the  hills  many  horses 
were  grazing,  and  some  few  cattle,  but  the  latter  were  in  nearly  every  case  poor  and 
scrawny,  although  the  feed  was  excellent,  and  this  I  attributed  to  the  laek  of  salt. 
Hence  we  kept  on  our  way  over  a  country  which  commenced  to  give  evideucee  by  its 
vegetation  that  we  were  approaching  more  nearlv  to  the  sea-level  and  a  more  moist  con- 
dition of  the  atmosphere,  until  we  came  to  Oak  Grove,  a  stage  station  and  store,  where 
the  road  debouches  from  the  Mutton  Mountains  into  the  plains  or  valley  called  Oak 
Grove.  Here  I  found  the  rest  of  the  party,  and  sending  Mr.  Karl  to  survey  the  new 
road  which  leaves  this  valley  and  joins  the  Barlow  road  and  crosses  the  mountains  to 
the  south  of  Mount  Hood,  I,  with  the  main  party,  kept  on  across  the  plains  of  Oak 
Grove  to  Tygh  Valley.  This  plain  has  several  valley  settlements  in  it,  the  most 
notable  being  the  Womack  settlement  and  that  around  Wappiuitia,  the  main  post- 
office  of  the  valley.  It  is  quite  well  covered  with  grass,  and  is  beiug  rapidly  settled 
up,  as  it  has  been  pretty  thoroughly  demonstrated  that  crops  of  cereals,  potatoes,  and 
fruits  can  be  raised  iu  this  country  without  irrigation,  and  water  enough  for  domestic 
purposes  can  be  obtained  by  sinking  wells. 

From  this  plain  we  descende«l  into  Tygh  Valley,  which  is  at  the  bottom  of  the  old  cut 
made  by  the  White  *and  Tygh  Rivers.  It*  lies  about  500  feet  below  the  Oak  Grove 
plain,  and  is  a  level,  pretty  valley,  some  ten  miles  long,  and  averaging  about  one  to 
one  and  a  half  miles  wide.  The  White  River,  with  its  whitish  muddy  waters,  breaks 
out  of  its  rocky,  clear-cut  cafion  into  the  valley,  and  is  joined  by  the  Tygh  Creek,  the 
two  forming  a  considerable  stream,  which  at  the  east  end  of  the  valley  dows  into  the 
Deschutes.  Before,  however,  reaching  the  Deschutes  it  runs  over  a  precipice,  forming  a 
very  pretty  waterfall,  where  Mr.  Sberar,  the  mostenterprising  business  man  of  the  region, 
has  built  and  is  running  a  fine  ilour  mill.  From  Tygh  Valley  to  The  Dalles  the  distance 
by  the  road  is  about  thirty  miles,  and  leads  over  a  succession  of  hills  and  ridges,  grad- 
nally  diminishing  in  altitude  until  the  Columbia  is  reached.  In  this  region  there  are 
several  streams  of  water,  but  as  they  run  in  deep  cuts,  the  water  is  only  available  tor 
irrigation  on  the  lands  at  the  bottom  of  these  cuts,  and  it  has  until  within  a  year  or 
so  been  considered  that  all  the  land  o^  these  rolling  hills  was  uselcbs  for  agricultural 
purposes.  But  within  a  short  time  different  ideas  have  prevailed,  and  now  farmers 
are  rapidly  settling  up  the  conntry  and  raising  good  crops.  And  it  is  claimed  that 
better  crops  of  grain  can  be  raised  on  the  hills  than  in  the  bottoms 

Our  first  view  of  the  Columbia  was  very  disappointing,  for  looking  down  upon  it 
from  the  hills  above  The  Dalles  it  appears  a  very  small  stream,  winding  its  way  through 
the  rents  of  a  great  l>ed  of  basaltic  rock,  while  to  the  north  were  the  great  dry,  barren- 
looking  Klikatat  Hills;  and  in  the  nearer  foreground  the  rocky  fiats,  partially  covered 
with  dunes  and  heaps  of  drifting  sand,  marked  a  very  picture  of  desolation.  Below 
and  at  The  Dalles,  however,  the  river  widens  out  nobly,  and  its  waters  are  breasted 
by  the  steamers  of  the  Oregon  Steam  Navigation  Company,  which  has  also  built  a 
railroad  around  the  nnnavigable  portion  of  the  river  above  The  Dalles,  from  the  lat- 
ter place  to  Celilo,  whence  others  of  their  boats  carry  passengers  ou  up  the  river. 

The  Dalles  is  the  most  important  town  of  Oregon  east  of  the  Cascades,  the  county 
seat  of  Wasco  County,  and  is  situated  at  the  head  of  navigation  of  that  portion  of 
the  river  between  the  Cascades  of  the  Columbia  and  the  narrows  above  the  town. 
This  is  the  grand  ettlrep^t  for  all  the  great  interior  basin  of  Oregon  and  for  a  large 
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part  of  Washington  Territory,  and  it  is  safe  to  assume  that  there  are  more  than  40,000 
square  miles  whose  white  iuhabitauts  draw  their  supplies  almost  exclusively  from  The 
Dalles.  This  assumes  a  large  forwarding  business.  continnaUy  increasing:,  which  is  en- 
tirely done  by  wagons.  The  town  is  well  suppliea  with  water  from  Mill  Creek.  The 
population  is  about  1,500  souls.  * 

At  The  Dalles  I  found  an  astronomical  monument  which  had  been  erected  and  its 
position  determined  by  Mr.  Clark,  and  in  obedience  to  instructions  I  set  about  the 
work  of  finding  and  measuring  a  base  line  and  developing  it.  I  selected  a  base  ex- 
tending from  just  west  of  the  burying-grouud,  near  the  old  mission,  to  a  point  in  the 
race-course,  about  one  and  three-fourths  miles  in  length.  This  was  carefully  cleared 
away  and  measured,  but  as  we  had  no  standard  rods  to  compare  our  tape,  it  bad  to  be 
sent  to  Washington  to  be  compared  there  as  we  used  it.  There  being  no  good  natural 
points  in  the  vicinity,  I  developed  the  base  to  the  Klikatat  Hills,  previously  building 
monuments  upon  them  about  twelve  miles  apart  on  the  two  highest.  These  hills  m 
just  north  of  the  Columbia  River,  with  a  narrow  belt  of  bottom  land  intervenine. 
They  are  covered  with  bunch-grass,  and  some  fine  springs  exist,  which,  howiever,  do 
not  furnish  water  enough  for  the  great  number  of  cattle  and  sheep  that  could  find  sus- 
tenance thereon.  Beyond  these  hills  lies  Klikatat  Valley,  through  which  runs  Klika- 
tat River,  discharging  its  water  into  the  Columbia  several  miles  below  The  Dalles.  This 
is  a  very  fine  valley  of  many  miles  in  extent,  and  studded  over  with  houses  and  claim 
shanties.  Away  to  the  north,  at  the  foot  of  the  wooded  hills,  lies  Golden  Dale,  the  val- 
ley town.  All  the  supplies  of  the  valley  are  procured  at  The  Dalles,  and  all  products 
find  a  market  there.  The  rivers  and  the  hills  form  a  great  drawback  to  the  valley,  as 
to  ^et  to  The  Dalles  it  is  necessary  to  cross  the  Columbia  on  a  ferry-boat,  to  which  tbe 
legislatures  of  Oregon  and  Washington  Territory  have  given  the  right  to  charge  exor- 
bitant prices  for  services  perfoiiued,  and  also  to  cross  these  hills  by  a  wiuding  road 
which  ascends  som^  3,000  feet  in  about  ten  miles,  and  descends  in  about  the  same  dis- 
tance. 

VV  bile  engaged  on  the  base  measurement,  one  party  under  Mr.  Karl  was  kept  at  work 
doing  topography  about  the  vicinity  of  Moant  Hood,  both  south  and  north  of  the 
peak.  On  tbe  27th  of  October  we  had  finished  measuring  the  base.  The  azimuth 
taken  here  is  not  to  be  lelied  on,  as  the  instrument  used  was-old  and  unreliable,  and 
unprovided  with  an  axis-level. 

On  tbe  29th,  Mr.  Kahler,  Mr.  Goad,  Collins,  and  Condit  started  on  their  return  to  Bid- 
well,  by  the  Cafion  City  road  to  old  Camp  Watson,  across  to  the  Harney  road,oiid  via 
Warner  Valley.  An  account  of  the  trip  is  appended.  On  the  30th  Mr.  Heushaw  left 
us  to  return  to  Washington,  and  we  left  The  Dalles  and  marched  along  the  river-road 
to  Miller's  Bridge,  which  crosses  the  Deschutes  near  its  month.  The  town  of  Celilo 
lies  just  below  the  mouth  of  the  Deschutes,  on  the  Columbia^  and  is  the  eastern 
terminus  of  the  railroad  from  The  Dalles  and  the  landing  place  for  the  Oregon  Steam 
Navigation  Company's  steamers  which  ply. up  the  river.  From  tbe  bridge,  which  is  a 
strong,  well-kept  structure,  we  proceeded  up  the  Columbia  by  the  wagon-road  until 
opposite  Columbus,  where  there  is  a  ferry.  Here  we  left  the  road  and  went  over  tbe 
trail  along  the  bluft's.  This  is  an  excellent  type  of  a  good  Indian  trail,  very  pictnr- 
CHqne  and  well  selecred.  We  camped  at  Grant*s  Landing,  and  made  a  station  on  the 
highest  peak  of  the  Klikatat  Hills,  opposite  Celilo.  The  hills  are  covered  with  grass, 
but  water  is  lacking. 

From  Celilo  we  turned  southward,  traversing  the  section  of  country  lying  between 
the  Descbutes  and  the  John  Day  Rivers.  From  the  great  bend  of  the  John  Day  « 
Bridge  Creek  the  river  runs  nearly  due  north,  as  also  does  the  Deschut-es,  the  two 
rivers  forming  the  two  sides  of  a  parallelogram  about  seventy  miles  long  and  thirty 
miles  wide.  The  cafions  of  both  livers  are  very  deep  and  steep,  and  the  laud  rises  into 
round ibh  hills  with  intervening  ravines  and  lowlands.  The  soil  of  nearly  all  this 
section  is  excellent,  and  iu  covei-ed  with  a  Idxuriant  growth  of  bunoh-gi-asa.  Un- 
fortunately, there  is  a  great  lack  of  water,  which  will  hinder  its  speedy  settlement 
very  much.  These  hillb  are  bare  of  timber, *and  and  are  called  haystacks  from  their 
shape  and  their  covering  of  grass.  At  Grass  Valley,  where  thei-e  is  a  little  stream,  a 
settlement  is  forming,  and  water  is  very  easily  obtained  by  digging  a  short  distance^ 
We  crossed  the  Descbutes  again  by  Sherar's  Bridge,  at  the  lower  end  of  Tygh  Valley, 
being  obliged  to  go  by  way  of  the  Mutton  Mountains  and  the  Warm  Springs  Agency 
for  supplies.  Some  idea  of  the  difficulty  of  crossing  the  Deschutes  and  the  depth  erf 
its  canon  is  shown  by  the  fact  that  we  descended  constantly,  by  a  well-graded  road, 
through  side  canyon's  for  a  distance  of  six  miles  before  reaching  the  bridge.  Here 
Mr.  Slierar  has  constructed  a  very  ingenious  little  fish-trap  for  taking  salmon,  which  he 
preserves.  Near  the  bridge  there  are  some  little  falls,  and  a  small  rocky  island  jnst 
above  the  falls  separates  the  channels  forming  the  falls  and  a  little  side  chute  macb 
easier  of  ascent  for  the  fish  than  the  falls.  At  the  head  of  this  chute  he  has  made  a 
trap  which  receives  the  fish  and  forces  it  to  find  egress  through  a  flume  which 
gently  conducts  it  to  the  fish-house,  from  which  it  only  emerges  after  being  killed  and 
salted. 
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After  working  several  days  among  the  Mntton  Mountains,  we  returned  to  the  agency 
and  laid  in  a  simply  of  provisions  for  our  trip  to  Camp  Bid  well.  We  all  received  much 
kindness  at  the  hands  of  Captain  Smith,  the  Indian  agent,  and  his  assistants,  and  I 
wish  to  bear  testimony  to  his  great  success  in  the  management  of  the  Indians  and 
their  advancement  in  the  arts  and  customs  of  civilization.  From  a  state  of  savage 
degradation  he  has  in  a  few  years  taught  them  to  build  and  live  in  houses,  to  culti- 
vate the  ground  with  improved  agricultural  instruments,  to  provide  in  proper  season 
for  future  wants,  to  wear  ordinary  clothing,  to  respect  age  and  womanhood,  to  attend 
the  religious  exercises,  to  learn  trades,  and  to  dispose  of  their  ponies  and  purchase 
cattle.  A  good  school  is  in  operation.  Some  of  the  children  show  a  very  considerable 
aptitude  for  learning.  These  remarks  apply  mostly  to  the  Wasco  tribe,  on  whose  par- 
ticular domain  the  aj^ncy  is  situated.  The  Warm  Springs  are  still  in  much  more  of 
a  state  of  nature,  living  in  wigwams  of  skins  or  cotton,  and  subsisting  chiefly  by  hunt- 
ing and  fishing. 

Leaving  the  agency,  we  crossed  again  the  Deschutes  by  the  Indian  Ferry  and  bade 
farewell  to  this  beautiful  river.  Traveling  on  by  the  settlement  at  WQlow  Creek  we 
crossed  by  the  road  to  the  mouth  of  Grizzly  Bncte  to  Priueville,  a  thriving  town  sit- 
uated at  the  junctiogof  Ochoco  and  Crooked  Rivers,  and  in  the  midst  of  a  stock-raising 
And  agricultural  district.  Several  good  stores,  mills,  shops,  &c.,  are  here,  and  it  is 
growing  rapidly.  After  remaining  here  one  day  we  started  in  a  drizzling  rain  to  cross 
the  desert  to  Silver  Lake.  Our  first  day's  march  of  23  miles  brought  us  to  Green's 
Ranch,  where  we  had  plenty  of  good  water,  wood,  and  grass.  I  could  not  resist  the 
temptatiou  to  remain  over  one  day  and  hunt  in  this  vicinity,  where  the  mule  deer  is 
so  plenty.  We  were  rewarded  by  having  seven  doer  in  camp  at  night.  Tliis  desert 
country,  especially  the  mountains  and  hills  about  Bear  Creek  and  the  Bear  Creek 
Buttes,  is  the  great  winter  range  for  the  deer  of  the  Cascades.  Leaving  Green's  our 
next  watering  place  was  Laughton's,  to  reach  which  we  traveled  two  days,  making  a 
dry  camp  at  night.  The  warer  her«>  is  very  scant  and  poor,  and  has  to  be  dipped  up 
with  a  basin  from  a  deep  hole  in  the  ground. 

Our  next  camp  was  on  Christmas  Lake,  at  Button's  Ranch,  and  from  here  we  marched 
to  Silver  Lake,  and  the  desert  was  crossed.  We  passed  at  Button's  within  a  short  dis- 
tance, about  eleven  miles,  of  the  sandy  desert  where  the  petrified  animal  remains  have 
been  found,  and  at  the  ranch  we  secured  some  fine  specimens.  The  desert  that  we 
crossed  is  in  some  places  rocky  and  in  others  has  a  scanty  growth  of  grass  and  sage- 
bruHh  and  some  junipers  on  the  hills ;  taken  as  a  whole,  it  is  about  as  worthless  a 
country  as  it  is  possible  to  find.  It  extends  from  the  Cascades  to  the  Rooky  Mountains, 
with  a  width  of  from  100  to  200  miles.  This  vast  area  is  crosw<l  by  several  rivers,  has 
dome  streams,  sinks,  and  springs,  but  on  the  whole  is  a  very  desolate  country.  We 
were  glad  to  get  to  Silver  Luke  and  among  the  settlements  again.  This  lake  is  a 
fine  fresh- water  sink,  fed  by  Bear,  Bridge,  and  Silver  Creeks,  bringing  down  the  water 
from  the  mountains  to  the  west.  Around  the  lake  there  are  a  goodly  number  of 
ranches,  especially  about  the  west  and  northwest  in  the  bottom  lands  traversed  by 
the  above-mentioned  creeks.  The  road  for  the  south  leaves  Silver  Lake,  and  passing 
over  a  rongh  rocky  dividing  range  of  hills  descends  into  Sumuur  Lake  Valley,  and  con- 
tinning  on  down  the  west  shore  of  the  lake  it  crosses  over  into  Chewaucan,  and  down 
this  valley,  and  crosses  the  dividing  ridge  into  Goose  Lake  Valley.  Thus  we  have  a 
continuous  string  of  valleys  with  low  divides  extending  about  125  miles  nearly  north 
and  south,  traversed  by  a  good  roail.  On  the  heavily  timbered  divide  between  Chew- 
aucan. and  Goose  Lake  there  is  a  good  saw-mill  which  furnishes  the  people  of  the 
valleys  with  lumber. 

On  Thanksgiving  day,  November  29,  we  reached  Lakeview,  the  county  seat  of  Lake 
County,  Oregon,  and  a  thriving  town.  Hence  we  marched  to  Camp  Bidwell,  going 
by  the  new  road  being  bnilt  by  Mr.  Ayers  across  the  Warner  Mountains.  This  is  an 
excellent  road,  and  will  be  the  chief  route  across  the  mountains  when  fully  completed. 

We  reached  Camp  Bidwell  on  the  last  day  of  November,  abont  five  o'clock,  and 
within  half  an  honrthe  side  party  under  Mr.  Kahler,  which  had  been  detached  at  The* 
Dalles  just  one  month  before,  came  in  also.  This  coincidence  in  time  of  arKval  after 
traveling  each  about  400  miles  and  working  along  the  route  was  a  Utile  remarkable. 

Being  under  orders  not  to  disband  until  the  15th  of  December,  I  sent  Mr.  Kahler 
with  a  party  to  do  some  work  in  the  unfinished  atlas-shuet  east  of  Bidwell,  which, 
however,  they  were  unable  to  do,  on  acconnt  of  a  severe  snow-storm,  and  they  wisely 
returned  to  the  post.  After  the  work  of  the  disbanding  camp  was  done,  I  sent 
Messrs.  Kahler,  Goad,  and  Pitcher  in  an  ambulance,  kindly  furnished  by  the  quarter-* 
master  of  the  post,  to  Reno,  meandering  the  road  thereto.  This  finished  the  field  sea- 
son of  187H,  80  far  as  work  in  the  field  was  concerned. 

The  party  of  four  men,  consisting  of  Mr.  C.  P.  Kahler,  Mr.  T.  W.  Goad,  Frank  Col- 
lins, and  Jack  Condit,  which  left  The  Dalles  October  29,  moved  first  to  the  southeast, 
meandering  the  road  and  puttinginthe  topography  of  the  countrj^  between  The  Dalles 
and  Sherars  Bridge  across  the  Deschutes.  Thence  the  party  cn>ssed  the  river  and 
worked  up  the  country  lying  between  the  John  Day  and  the  Deschutes  Rivers,  in  the 
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Bontheastem  part  of  atlas-sbeet  20  A.  This  sectiou  is  to  a  great  extent  covered  with 
rich  bunch-grass;  in  some  parts,  however,  it  is  rocky  and  covered  with  small  bowlden. 
The  conn  try  is  cnt  np  with  caflons  debonching  into  the  Deschutes  or  John  Day  and 
many  branch  ravines  and  caQons.  Water  in  small  quantities  is  found  in  many  of 
these  canons,  and  also  considerable  timber — cotton  wood  and  willow.  After  spending 
some' time  about  this  country,  the  party  struck  out  for  Camp  Bidwell,  traveling  at 
first  by  the  Cafion  City  road.  About  Currant  Creek  and  Cherry  Creek  the  country  is 
described  as  being  very  rougb  and  piled  up  into  small  hills  with  massive  jagged  rocks 
cropping  out  in  every  direction,  assuming  fant^istical  shapes.  It  was  down  among 
these  hills  and  rocks  that  the  settlers  of  the  country  round  about,  during  the  lodiao 
excitement  of  the  snmmer,  brought  their  flocks  of  sheep  and  herds  of  cattle  and  horses. 
Leaving  the  John  Day  River  at  the  month  of  Briage  Creek,  the  party  proceeded 
along  the  road  up  this  creek,  and  over  the  mountain  ros^, towards  Old  Camp  Waufon. 
Mr.  Kahler  says  of  this  section  :  '*  All  the  section  that  we  have  traveled  through  to- 
day, and  some  distance  to  the  eastward,  presents  a  rich  field  for  the  geologist — every 
variety  of  rock,  quartz,  sandstone,  granite,  limestone,  conglomerate,  &c.  Numbers  of 
fossil  remains  of  animals  of  diflerent  kinds,  also  the  impression  of  palm  leaves  and 
other  tropical  plants,  have  been  found  in  the  strata  on  which  th«i|riiQ-rock  rests.  The 
country  presents  the  same  rugged,  broken  appearance  as  that  we  passed  through  yes- 
terday. With  the  exception  of  where  we  are  camped  this  evening,  the  country  has 
been  pretty  well  cleared  of  grass  by  the  sheep  and  cattle.  The  country  is  fast  filling 
up  with  settlers."  Over  the  mountains  to  the  southward,  through  a  country  alter- 
nately covered  with  grass  aud  destitute  of  all  vegetatitm,  the  party  traveled  and  came 
to  Beaver  Creek,  a  tributary  of  the  Crooked  River.  From  Beaver  Creek  across  to  Buck 
Creek  the  route  lay  through  Long  Hollow,  well  watered  and  with  great  quantities  of 
grass.  From  Buck  Creek,  across  a  timbered  ridge,  the  party  passed  to  Silver  Creek, 
and  camped  at  Old  Camp  Curry. 

Mr.  Kahler  says:  "  Making  an  early  start  from  Camp  Curry,  our  course  was  to  the 
southeast  down  Silver  Creek  for  about  25  miles.  All  the  country  from  Camp  Cnrry 
shows  strong  evidences  of  the  devastation  committeed  by  the  Indian  raiders.  With 
the  exception  of  the  ranch  near  which  we  are  camped  to-night,  all  are  deserted.  About 
all  of  the  ranches  are  to  be  seen  the  carcasses  of  the  horses  and  cattle  killed  by  the 
Indians.  From  Camp  Curry  our  route  lay  over  a  flat  alkali  countr;^',  covered  with 
sage-brush  and  greasewood  and  in  season  with  tolerable  grass,  to  a  point  where  Silver 
Creek  passes  through  a  rocky  gorge,  about  13  miles  from  Camp  Curry.  It  was  at  t^is 
point  that  Captain  Bernard  had  a  flght  with  the  Indians,  and  near  are  the  stone 
breastworks  thrown  up  by  his  men." 

Thence  the  party  marched  until  the  Harney  road  was  reached,  and  on  this  road  across 
the  desert  to  Mule  Springs,  and  thence  to  Warner  Valley,  and  by  the  main  traveled 
road  to  Bidwell,  which  point  it  reached  November  3U.  The  party  experienced  many 
hardships,  as  it  was  very  cold  and  stormy  most  of  the  time,  rain  and  snow  falling,  and 
the  roads  bein^r  either  very  muddy  or  frozen  and  slippery. 

The  results  of  the  field-work  of  this  section  of  the  survey  have  been  to  give  three 
and  partially  four  reconnaissance  lines  across  Oregon  from  California  and  Nevada  to 
the  Columbia  River.  These  lines*  were  all  carefully  meandered,  the  country  as  far  as 
possible  in  the  vicinity  examined  and  sketched,  profiles  run  with  cistern  and  aneroid 
barometers,  and  checks  made  at  frequent  iutervals  by  sextant  latitude  observations. 

Particular  attention  was  paid  to  gaining  such  information  as  will  be  useful  in  a  more 
thorough  and  elaborate  survey  of  the  area ;  peaks  suitable  for  triangulation  and  topo- 
graphical purposes  were  located  as  closely  as  possible;  the  general  characteristics  of 
the  country  were  noted  with  reference  to  the  supplies  it  can  be  made  to  furnish,  and 
also  with  reference  to  the  accessible  and  practicable  routes  of  travel. 

Besides  these  lines,  a  base  line  was  measured  and  developed  aud  connected  with  the 
astronomical  monument  at  The  Dalles,  and  the  topography  of  the  quarter  atlas-sheet 
20  A  was  nearly  completed,  all  being  done  except  the  work  in  the  immediate  vicinity 
of  Mount  Hood,  which  could  not  be  accomplished  on  account  of  the  lateness  of  the 
season. 

The  following  is  a  numerical  list  of  the  principal  observations  made  during  the  sea- 
son,  number  of  miles  traveled,  &,c : 

Number  of  sextant  latitude  stations  occupied Id 

Number  of  bases  measured 1 

.Number  of  azimuths  measured 1 

Number  of  triangles  about  bases  measured 4 

Number  of  main  triangulation  stations 1 11 

Number  of  secondary  triangulation  stations .* 1 

Number  of  meander  stations  occupied 2,1% 

Number  of  variations  of  needle  taken 57 

Number  of  miles  meandered 2, 673 

Number  of  miles  traversed  and  not  meandered GO^ 

Number  of  monuments  built , 18 
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Nnmber  of  camps  made  duriug  season 128 

Number  of  oistem-barometer  statioDs 169- 

Number  of  aneroid  stations 1, 570 

Highest  altitude,  approximately  (feet) 9,500 

Lowest  altitude,  approximately  (feet) '- 310 

Number  of  thermal  springs 3 

Nnmber  sets  sextant  time  observations 22 

Nnmber  sets  hourly  barometric  observations 1 

Nnmber  of  pointings  at  main  and  secondary  triangulation  stations 803 

Number  of  rivers  and  creeks  gauged 1 

Number  of  rock  Hpecimeus  collected '. 2 

Number  of  specimens  of  mineral  wa^iers  collected 1 

Number  of  zoological  specimens  (abont ) 1, 000 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

Thomas  W.  Symons, 


Capt.  Gboroe  M.  Whbbler, 

Corps  <*f  Engineers,  in  charge. 


Lietitenant  of  Engineers^ 
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report  of  lieutenant  euoene  griffin,  corps  of  bnoinbers,  in  pharoe  of 
party  no.  2,  colorado  section,  season  of  1878. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washvigton,  D,  C,  March  26,  1879. 
Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  party  No.  2i 
Colorado  section,  of  the  surveys  west  of  the  lOOth  meridian  duriug  the  field  season  of 

On  the  5th  of  July,  in  accordance  with  your  orders,  I  left  Washington  for  Fort  Union, 
New  Mexico,  the  rendezvous  camp  of  party  No.  2,  Colorado  section.  I  was  delayed  at 
Fort  Garland,  Colo.,  assisting  Lieutenant  Birnie  in  fitting  out  bis  party  (party  No.  1, 
Colorado  section),  and  on  other  duty,  reaching  Fort  Union  on  the  2l8t.  On  the  4th 
of  August  the  party  was  completed  and* ready  to  take  the  field,  organized  as  follows: 

Lieutenant  Griffin,  executive  officer  and  field  astronomer;  Mr.  F.  O.  Maxson,  topog- 
rapher; Mr.  W.  G.  Walbridge,  assistant  topographer;  Mr.  M%rk  B.  Kerr,  meteorolo- 
gist; Mr.  W.  A.  Phillips,  jr.,  odometer  recorder;  three  packers,  and  one  cook.  The 
party  was  provided  with  the  usual  allowance  of  instruments,  the  necessary  camping 
outfit,  eight  riding-mules,  twelve  pack-mules,  and  one  horse. 

My  instructions  were  to  proceed  southward  from  Fort  Union  to  Fort  Stanton,  com- 
pleting, on  the  way,  the  detailed  meander  work  in  atlas-sheets  78  A,  78  C,  and  77  D; 
sifter  refitting  at  the  latter  post  to  caiTy  on  the  detailed  topographical  survey  of  atlciS- 
sheets  84  D,  and  that  part  of  «4  C  lying  eastward  of  the  Rio  Grande. 

On  the  5th  day  of  August  the  party  left  Fort  Union,  and  topographical  work  waa 
commenced  on  the  following  morning,  the  party  filling  in  those  portions  of  sheets  78  A 
and  78  C  where  additional  details  were  required.  At  Pozos  del  Pino,  or  Alkali  Holes, 
on  the  14th,  the  party  was  divided,  Mr.  Maxson,  with  Mr.  Kerr  and  one  packer,  passing 
to  the  east  of  the  Galliuas  Mountains,  and  the  remainder  of  the  party  to  the  west, 
thus  enabling  us  to  complete,  at  once,  all  work  requisite  for  the  final  plot  of  atlas- 
sheet  77  D.  On  the  17th  Mr.  Maxson  reached  Stanton  with  his  party,  and  I  arrived 
on  the  18th. 

This  area  has  been  traversed,  in  previous  years,  by  parties  of  the  survey,  and  com- 
plete descriptions  of  the  country  given  in  their  reports.  The  narrow  belts  which  we 
worked  np  presented  no  marked  features,  and  difi'ered  in  no  respects  from  their  sur- 
roundings ;  they  do  not.  therefore,  require  further  remark.  Sheets  84  D  and  84  C,  the 
survey  of  which  constituted  our  main  seatiou's  work,  had  never  been  entered  previously 
by  parties  of  the  survey.  To  give  an  iuielligent  idea  of  our  movements  necessitates 
a  brief  description  of  the  country  in  which  we  operated. 

Sheets  84  D  and  84  C  are  included  between  the  parallels  of  33^  10'  on  the  north  and 
32°  20'  on  the  south,  and  longitudes  105°  30'  on  the  east  and  108°  15'  on  the  west.  The 
area  designated  for  the  party  to  occupy,  however,  was  limited  by  the  Rio  GrefUde  on 
the  west,  which  includecl  only  about  two- ninths  of  sheet  84  C.  This  designated  area 
is  approximately  5,618  square  miles. 

Bordering  the  Rio  Grande  lies  the  Caballo  range  of  mountains,  trending  nearly  north 
and  south.  Rising  rugged  and  precipitous  in  the  north,  they  decrease  in  elevation 
toward  the  south,  tinally  dividing  into  a  double  range,  and  sinking  gradually  to  the 
plain  in  latitude  32^  40',  where  the  river  bends  to  the  east.  But  little  water  is  found  in 
thes^  mountains ;  indeed,  nearly  all  this  portion  of  the  Territory,  except  a  strip  of 
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varying  width  bordering  the  river,  is  dry,  and,  were  one  dependent  on  natoral  water 
enpplies,  woald  be  well  nigh  impassable. 

About  thirty- three  miles  to  the  east  are  the  San  Andreas  Moantains.  These  also  lie 
meridianally,  and  are  more  elevated  and  broken,  more  barren  and  dry  than  the  Caballo 
Range.  They  are  a  soathem  prolongation  of  the  Oscuro  Mountains.  In  latitude  3^  26' 
they  break  down  nearjy  to  the  plain,  forming  the  San  Augustin  Pass.  South  of  this 
they  rise  even  higher  than  before,  and  are  there  called  the  Or^an  Mountains.  The 
towering,  conical,  and  slender  pinnacles  rising  in  profusion,  but  with  regularity,  resem- 
ble the  pipes  of  an  immense  organ,  and  suggested  the  name,  which  is  certainly  appro- 
priate. Again,  they  are  broken  by  the  Soledad  Pass,  and  south  of  this  they  are  known 
as  the  Soledad  Mountains,  and  still  further  down  as  the  hi  Paso  or  Franklin  Moun- 
tains. Near  the  town  of  Franklin,  Tex.,  they  come  to  an  abrupt  termination.  The 
Rio  Grande,  bending  eastward,  cuts  through  the  range,  forming  here  the  bouDdary 
between  the  United  States  and  Mexico. 

The  Jornada  del  Muerio  (Journey  of  Death)  lies  between  the  Caballo  and  San  Andreas 
Mountains.  This  is  a  dreai-y  level  waste,  stretching  from  the  Fra  Cristobal  Range  on  the 
north  for  some  ninety  miles  to  the  south.  It  is  covered  with  fine  gramma  grass, 
but  the  scarcity  of  water  renders  it  valueless  for  grazing  purposes.  The  Ojo  del 
Muerto  (Spring  of  the  Dead),  near  the  north,  Toussaint's  Ranch,  Martin's  Well,  and  a 
stage  station  at  the  Point  of  Rocks  are  the  only  places  where  water  is  to  be  found. 

East  of  the  San  Andreas  Mountains  is  another  plain,  a  sandy  desert,  stretching  for 
some  43  miles  to  the  east  and  terminated  there  by  the  Sacramento,  Guadalupe,  and 
Hueco  Mountains.  This  was  over  the  bed  of  an  ancient  ocean,  but  the  waters  have 
long  a^o  receded,  leaving  only  salt  lakes  and  marshes  dotting  che  plain  and  surrounded 
by  quicksands.  In  brief,  the  area  to  be  surveyed  consisted  of  three  parallel  ranges  of 
mountains,  separated  by  two  extensive  plains  or  deserts. 

It  was  considered  advisable  to  work  up  the  San  Andreas  Range  at  once,  during  the 
rainy  season,  as  later  on  it  would  be  more  difficult  if  not  impossible,  owing  to  the 
scarcity  of  water.  The  necessary  repairs  to  the  outfit  being  completed,  on  Monday,  the 
26th  day  of  August,  the  party  left  Fort  Stanton.  For  three  days  we  were  accompanied 
by  Lieutenant  Wright,  Ninth  Cavalry,  and  twenty  Navajo  Indian  scouts,  who  being 
skillful  hunters,  kept  us  supplied  with  game.  On  the  27th  we  reached  the  Mai  Pais, 
an  immense  lava  bed,  which  had  been  surveyed  the  previous  year  b^  Lieutenant  Mor- 
riKon,  Sixth  Cavalry.  CroKsing  this  by  one  of  the  only  two  practicable  or  possible 
routes,  we  proceeded  down  the  western  edge,  and  on  the  30th  entered  the  area  of  atlas- 
sheet  84  D,  making  camp  at  a  water-hole  fortunately  filled  by  recent  rains.  Mr.  Max- 
son,  with  one  packer  and  ten  days'  rations,  left  us  at  the  camp,  to  work  down  the  nuifi^ 
carrying  the  meander  well  over  to  the  western  border  and  into  the  Jornada.  This  dim- 
cult  and  laborious  operation  was  completed  with  his  usual  skill  and  success. 

From  the  Mai  Pais  Spring,  at  the  southern  point  of  the  lava-bed,  a  wagon-road  runs 
south,  along  the  eastern  edge  of  the  mountains,  to  the  San  Augnstiu  Pass.  The  main 
party  meandered  this  road,  and  obtained  all  the  details,  both  of  the  plain  and  the 
mountains  in  the  vicinity.  The  road  followed  was,  at  times,  hardly  passable ;  pools 
of  water  were  seen^  but  investigation  showed  them  to  be  salt,  and  the  surrounding 
quicksands  made  them  difficult  of  approach ;  a  running  stream  of  the  clearest  water 
was  also  salt,  and  on  following  the  road  to  the  edge  of  an  immense  salt-marsh  we 
found  ourselves  plunged  in  a  dangerous  quicksand.  With  difficulty  the  pack-mules 
were  extricated,  and,  abandoning  the  road  for  a  time,  we  continued  our  journey  on  the 
higher  ground  near  the  mountains.  No  water  was  found  at  the  end  of  the  first  day's 
march,  and  our  camp  was  made  on  the  sand,  with  but  little  if  any  grazing  for  l^e 
animals.  On  the  folio  wing  night  we  camped  at  the  San  Nicholas  Spring,  about  two- 
thirds  of  a  mile  up  a  cafion  in  the  mountains. 

The  clearness  of  the  atmosphere  at  the  high  altitude  we  were  in  (about  4,200  feet), 
made  objects  distinctly  visible  at  almost  incredible  distances.  From  this  camp,  look- 
ing across  the  almost  level  desert  at  our  feet,  we  could  see  the  Sacramento  M<mutain» 
on  the  farther  side.  Their  outline  could  be  clearly  traced ;  the  mouths  of  the  Immense 
cafions  which  abound  on  their  western  borders  were  distinctly  visible;  the  giant 
masses  of  rock  forming  the  sides  of  the  canons,  rising  in  some  places  to  a  vertical 
height  of  2,000  feet,  seemed  so  near  that  the  mind  refused  to  credit  their  extreme  dis- 
tance of  50  miles. 

We  remained  at  this  camp  for  five  days,  obtaining  the  topography  in  the  vicinity, 
and  being  detained  by  heavy  thunder-storms.  Mr.  Maxson  airivea  on  the  6th,  and  on 
the  9th  the  main  camp  was  transferred  to  San  Angustin.  The  Organ  Mountains  on 
the  south,  and  the  San  Andreas  Range  on  the  north,  bending  westward  at  this  point, 
form  an  immense  rincou,  open  to  the  east  and  rising  gradually  to  the  San  Augusdn 
Pass.  On  the  northern  slope  of  the  Organs  are  several  springs,  and  here  two  dwellings 
have  been  erected,  forming  the  town  of  San  Augustin. 

In  1866  Mr.  W.  F.  Shedd  made  the  first  settlement  here,  and  Shedd's  ranch  is  widely 
known  in  this  country,  more  so,  perhaps,  than  the  more  recent  appellation  of  San 
Angustin.  It  is  only  within  the  last  few  years  that  traveling,  even  in  parties  of  con- 
siderable size,  has  been  safe  in  this  vicinity,  on  account  of  the  Indians.    The  erecUon  of 
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military  posts  and  the  iDoreased  number  of  troops  have  confined  the  Indians  more  closely 
to  their  reservations,  and  the  traveler  is  now  comparatively  safe.    The  grazing  on  the  < 
long,  gentle  slopes  is  excellent ;  thongh  not  laxunous,  the  grass  seems  to  possess  great 
nutritious  properties,  and  supports  a  flock  of  some  10,000  sheep  and  several  herds  of 
cattle. 

A  ffood  wagon-road  leading  over  the  pass  crosses  the  Jornada  del  Mnerto  to  LasCmcea 
and  MesiJla— two  towns  on  the  Bio  Grande.  A  branch  from  this  Just  across  the  pass, 
leads  to  the  town  of  Dofia  Ana,  a  few  milt>s  north  of  Cruces.  From  the  pass  a  road 
leads  direct  to  Fort  Selden,  on  the  river.  On  the  llth  the  party  crossed  the  pass,  and, 
following  the  Selden  road,  while  Mr.  Maxson  meandered  that  by  way  of  Dofia  Ana^ 
reached  Fort  Selden  the  same  night. 

Fort  Selden  had  ceased  to  be  a  military  post,  but  the  Government  property  still 
there  was  guarded  by  a  small  detachment,  uuder  command  of  Lieutenant  Cory,  Fif- 
teenth Infantry. 

After  resting  the  transportation  two  days  at  this  post,  we  Jonmeyed  northward 
through  the  Jornada  over  a  well-traveled  stage-road,  remained  in  camp  one  day  at  the 
Point  of  Rocks,  while  the  topographers  were  working  in  the  vicinity,  and  reached  Ale- 
man  or  Martin's  Well  on  the  16th.  Here,  in  the  center  of  this  vast  sandy  plain,  is  a 
well  of  pure  water,  having  a  depth  of  160  feet. 

On  the  17th  we  camped  at  the  abandoned  post  of  Fort  McBae.  On  the  19th  we 
crossed  the  Caballo  Mountains  over  the  Palomas  Pass,  and  made  camp  on  the  bank 
of  the  river.  The  pass  is  utterly  impassable  for  wagons;  in  fact,  it  can  hardly  be 
called  a  pass,  as  the  trail  leads  directly  over  the  crest  of  the  mountains,  hardly  lower 
at  this  )>oint  than  at  others.  It  was  a  delightful  change  from  the  barren  plains  on 
which  we  had  been  traveling  to  the  rich,  fruitful  country  in  which  we  now  found  onr- 
selveH.  Between  the  mountains  and  the  river  the  soil  is  fertile  and  well  cultivated, 
and  the  many  trees  afforded  us  a  grateful  shelter  from  the  scorching  sun.  Watermel- 
ons, cautaleupes,  fruits,  and  vegetables  of  all  kinds,  and  chili,  the  national  dish  of  the 
Mexicans,  were  plentiful  and  cheap.  The  ground  is  irrigated  by  aceqnias  or  ditches, 
which,  starting  from  the  river  several  miles  above  the  town  which  they  are  intended 
to  supply,  follow  a  gentle  slope,  and  distribute  the  water  by  side  drains  throughout 
the  place.  The  aceqnias  are  municipal  works,  and  the  major-domo  de  las  acequias,  or 
superintendent,  an  important  municipal  functionary,  is  elected  by  the  ji^ple.  In 
cases  of  emergency,  he  is  empowered  to  turn  out  the  entire  population  to  save  the 
aceqnia,  which  is  frequently  tne  only  water-supply  of  the  village. 

We  had  reached  the  northern  limit  of  our  work,  and  after  remaining  four  days  in 
this  camp,  to  enable  the  topographers  to  complete  their  notes,  we  started  down  the 
river  on  the  morhing  of  the  24th.  Our  object  now  was  to  meander  the  river,  and  &t 
the  same  time  obtain  the  necessary  data  for  an  accurate  plot  of  the  mountains  on  our 
left.  In  following  the  course  of  the  river,  in  many  places  we  were  obliged  to  travel  on 
narrow  trails  literally  cut  into  the  face  of  the  mountains,  which,  stretching  out  to  the 
river,  presented  nearly  vertical  walls.  These  difficulties  were  finally  overcome,  and  on 
the  27th  the  party  reached  Fort  Selden  without  accident. 

On  the  29th  we  started  southward  on  the  stage- road,  and  passing  through  Dofia  Ana, 
camped  in  Las  Cruces.  Dofia  Ana  is  a  true  Mexican  town,  formerly  very  prosperous 
and  the  commercial  center  of  the  southern  part  of  the  Territory ;  now  it  has  greatly 
diminished  in  population  and  its  commercial  importance  is  entirely  gone.  Abandoned 
and  mined  dwellings  line  tbe  plaza  and  mutely  tell  of  its  departed  glory.  Las  Cruces 
and  Mesilla  are  the  successful  rivals.  The  former  is  situated  about  nine  miles  farther 
down  the  river,  and  is  one  of  the  most  important  towns  in  the  Territory,  having  a  pop- 
ulation of  about  fifteen  hundred.  Mesilla,  a  few  miles  farther  south,  on  the  western 
bank  of  the  river,  has  a  population  of  one  thousand. 

On  the  1st  of  October  we  reached  Fort  Bliss,  in  Texas,  46  miles  south  of  Cruces. 
The  country  through  which  we  had  traveled  was  a  continuation  of  the  Jornada  del 
Muerto,  and  marked  by  the  same  characteristics.  The  road  turns  from  the  river  bot- 
tom, after  leaving  Cruces,  and  in  following  it  we  lost  the  river  until  just  as  we  ap- 
proached Fort  Bliss. ' 

The  trocys  were  quartered  in  the  little  town  of  Franklin,  occupying  buildings  rented 
by  the  government,  no  quarters  having  been  erected  or  reservation  designated  for  the 
post.  We  remained  in  camp  here  until  the  15th.  During  this  time  we  were  treated 
with  the  greatest  courtesy  by  all  the  officers  at  the  post,  wno  gave  us  every  assistance 
in  their  power,  and  contributed  in  every  possible  way  to  the  speedy  and  successful 
completion  of  our  work.  We  rex;eived  like  courtesy  and  consideration  from  all  officers 
with  whom  we  came  in  contact. 

Fort  Bliss  had  been  occupied  as  an  astronomical  station  by  Mr.  Rock,  of  the  survey, 
earlier  in  the  season,  and  I  bad  instructions  to  connect  his  monument  with  the  main 
triangiilation  to  the  north,  and  also  to  connect  with  the  initial  monument  of  the  Mex- 
ican Boundary  Commission  which  located  the  Mexican  boundary  in  1855.  For  this 
pnrpose  I  at  once  commenced  the  measurement  of  a  base  line.  A  nearly  level  plain,  about 
5  miles  to  the  east  of  Franklin,  was  selected,  and  after  the  direction  of  tne  line  had 
been  determined  and  the  ground  prepared,  two  measurements  were  made  with  a  stack- 
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pole,  50-foot,  compensated,  steel  tape.  The  first  measarement  was  made  by  Messrs  Max- 
-  Aon  and  Walbridge,  and  the  secoDd  by  Mr.  Maxson  and  myself,  resolting  as  follows: 

Fir8tmeasnrement,a049'.689-f0'. 632  (temp,  correction) 8060.321 

Second  measurement,  8049'.  780+0'.  512  (temp,  correction ) 8050.  :»1 

Mean  adopted r*)60.311 

Level  correction 0. 030 

Bednction  to  sea-level 1.321 

Length  of  base  at  sea-level 8048.960 

The  temperature  of  the  tape  was  read  every  thonsand  feet,  and  the  difference  of 
level  obtained  for  the  same  distances,  the  character  of  the  gronnd  rendering  atiy  farther 
refinement  in  the  latter  respect  unnecessary.    Eight  tri.nugnlation  stations  were  occa- 

Sied,  including  the  two  ends  of  the  base  and  two  monuments  of  the  Mexican  Boundary 
ommiasion.  One  mountain-peak  was  occupied  in  Mexico.  In  this  work  Mr.  Maxson 
was  invaluable,  and  I  cannot  testify  too  highly  my  appreciation  of  his  zeal  and  energy 
and  thorough  familiarity  with  his  work.  I  am  also  indebted  to  him  for  many  timely 
suggestions,  which  his  knowledge  of  the  country  and  long  experience  on  the  survey 
rendered  doubly  valuable. 

On  the  morning  of  the  14th  Messrs.  Walbridge  and  Phillips,  with  one  packer, 
started  northward  for  San  Augnstin,  following  a  good  wagon-roiad  which  runs  to  the 
east  of  the  Soledad  and  Orsan  Mountains.  The  last  two  triangulation  points  of  the 
development  were  successfully  occupied  during  the  day,  and  on  the  15th  the  main 
party  followed,  abandoning  the  road,  however,  and  making  camp  at  a  little  spring  in 
the  mountains.  On  the  following  day  we  climbed  and  occupied  the  North  Franklin 
Peak,  the  remaining  point  of  our  system  of  triangles.  In  the  descent,  by  an  unfortu- 
nate accident,  the  triangulation  instrument  was  ruined,  falling  some  400  feet  down  the 
side  of  the  mountain.  On  the  17ch  we  reached  Shedd's  ranch,  after  a  weary  march  of 
41  miles,  and  found  the  remainder  of  the  party  in  camp  there.  Here  we  remained  for 
six  days,  the  topography  of  the  Organ  Mountains  being  obtained  by  short  trips  from 
this  camp.  On  the  23d  I  visited  the  Stevenson  Mine  in  these  mountains,  the  only  mine 
within  the  area  we  occupied  that  has  been  worked.  On  the  24th  we  left  Shedd's 
ranch  for  the  last  time  en  route  to  Fort  Stanton,  following  a  well-traveled  road.  On 
the  25th  ve  camped  at  the  White  Sands,  on  the  Mai  Pais  plain.  This  is  a  peculiar  for- 
mation ;  an  area  of  about  46  square  miles  is  covered  to  a  mean  depth  of  about  30  feet 
with  gypsum.  At  a  distance  it  has  every  appearance  of  an  immense  snow-bank,  and 
even  on  close  approach  it  is  difficult  to  divest  oneself  of  this  imiiression.  The  sand  is 
rather  coarse ;  shrubs  and  bushes  grow  in  it  to  some  extent.  It  is  said  that  this  bank 
shows  a  continual  growth,  and  there  is  abundant  proof  of  its  yearly  increase  in  a  hor- 
izontal direction.  The  road  runs  close  to  it,  and  the  constant  encroachments  of  the 
sand  have  in  time  converted  what  was  formerly  a  straight  road  into  an  immense  arc. 
This  is  probably  due,  however,  to  the  drifting  of  the  sand  by  the  winds  rather  than 
to  an  actual  increase  in  the  total  bulk.  A  spring  bubbles  up  from  under  the  sand- 
bank, and  the  water,  though  not  palatable  to  man,  is  greedily  consumed  by  the  thirsty 
animals  after  their  long  and  hot  journey  through  the  sands ;  it  is  strongly  alkaline 
and  mineral.  On  the  following  day  we  passed  the  Lost  River ;  a  considerably  stream 
rushing  up  from  the  ground  bke  an  immense  spring,  flows  on  about  ten  yards,  and 
sinks  as  mysteriously  as  it  rises.  The  source  and  mouth  of  this  mysterious  river  are 
unknown;  at  no  other  point  in  its  course  is  it  visible.  That  night  we  camped  at  the 
town  of  Tulerosa,  and  three  days  later  arrived  at  Fort  Stanton. 

After  resting  two  days  at  the  post,  we  started,  on  the  Ist  of  November,  to  complete 
our  work  in  the  Sacramento  Mountains.  On  the  2d  we  camped  at  Elk  Spring,  42 
miles  from  Stanton.  Our  camp  was  in  a  boautifnl  caiion,  with  excellent  grazing  for 
the  mules,  and  wood  and  water  in  plenty.  With  a  few  exceptions,-we  were  equally  for- 
tunate during  the  next  three  weeks.  These  mountains  are  in  reality  an  immense 
plateau,  on  their  eastern  slope  cut  by  gentle  caAons,  with  long  and  numerous  branches 
running  from  the  divide  out  towards  to  the  Slaked  Plain.  On  the  western  slope  the 
canons  are  deeu  and  ruj^ged,  with  high,  precipitous  walls.  They  are  heavily  tim- 
bered,  principally  with  pine,  though  scrub-oaks  and  quaking- aspens  are  quite  numer- 
ous. They  are  well  watered  by  several  streams  and  by  many  springs.  Tltese  springs 
are  mnoh  more  numerous  on  the  eastern  than  on  the  western  slope.  Game  is  plenti- 
ful. Bear,  deer,  and  turkeys,  especiallv  the  latter,  are  numerous,  and,  judging  from 
the  tracks  and  cast-off  antlers,  many  elk  still  range  these  mountains,  though  it  was  not 
our  fortune  to  see  one  of  these  animals.  The  greater  part  of  the  mountains  lie  within 
the  Apache  Indian  reservation,  and  this  fact  has  kept  settlers  and  prospectors  almost 
entirely  out  of  the  countiy. 

Work  was  prosecuted  vigorously  until  the  22d,  suspended  only  on  the  8th  and  9th 
by  snow-storms.  In  these  nineteen  days  we  meandered  356  miles,  and  traveled 
altogether  026  miles.  On  the  21st  and  22d  we  were  without  water,  having  left  our 
water-kegs  behind  at  Fort  Stanton,  and  failing  to  find  any  springs,  we  turned  back 
toward  the  Petiasco  Creek,  which  we  had  left  about  a  week  before,  and  at  noon  on  the 
23d  we  reached  it,  with  the  mules  in  a  very  weak  condition  and  the  members  of  the 
party  heartily  tired  of  subsisting  on  bear's  meat  alone.    At  5  a.  m.  on  the  24th  a  vio- 
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lent  snow-storni  began,  which  continned  all  day.  The  next  morning  found  the  gionnd 
covered  to  a  depth  of  15  inches,  and  no  signs  of-  a  cessation  of  the  storm.  At  7.90 
a.  m.  we  broke  camp  and  started  for  Fort  Stanton,  a  distance  of  79  miles.  At  4  p.  m. 
the  storm  ceased,  leaving  a  depth  of  over  2  feet,  and  we  camped  at  a  little  spring. 
The  mules  were  in  a  very  bad  condition.  Liack  of  food,  combined  with  the  intense 
cold  and  difficult  traveling  through  the  snow,  had  weakened  them  all,  and  it  was 
doubtful  whether  they  coiHd  hold  out.  On  the  26th  we  traveled  21  miles,  and  camped 
at  Elk  Spring.  On  the  27th  22  miles  brought  us  to  Dowlin's  Mill,  a  government  for- 
age agency,  and  on  the  following  day  we  easily  made  Fort  Stanton.  1  found  await- 
ing me  instructions  to  disband  the  party  on  or  about  the  10th  of  December.  Accord- 
ingly, the  property  was  boxed  and  stored,  and  on  the  7th  the  party  disbanded,  and  the 
several  members  started  for  their  homes. 

The  following  is  a  summary  of  the  work  done : 

Main  triangulation  stations  occupied 9 

Secondary  triangulation  stations  occupied 8 

Three-point  stations 251 

Meander  stations • 1,898 

Number  of  variations  of  needle  determined 30 

Cistern-barometer  stations  occupied * 98 

Aneroid-barometer  stations  occupied ! 1,235 

Pointings  made  on  triangnlation  stations .^ 2,249 

Miles  meandered T. 1,679.68 

Total  miles  traveled 2,672.57 

Square  miles  surveyed 4,656 

There  are  no  valuable  mines  in  the  area  we  occupied  that  have  been  discovered  and 
worked,  but  this  subject  has  never  received  the  full  investigation  that  it  deserves. 
Argentiferous  galena  was  found  through  the  San  Andreas  and  Organ  Mountains,  and 
there  are  indications  of  both  silver  and  gold  bearing  rook  in  the  Sacramento  Moun- 
tains. The  galena  ore  is  not  valuable,  however,  only  averaging  from  $10  to  $18  to  the 
ton 

The  Stevenson  mine,  in  the  Organs,  has  been  worked,  but  to  little  profit.  The  dis- 
tance from  the  railroad  and  consequent  great  cost  of  transportation  has  induced  the 
owners  to  stop  work  for  the  present.  A  lawsuit,  now  in  progress,  involving  the  title 
to  the  mine  probably  had  its  influence  in  this  respect  also.  Most  of  the  silver  thus 
far  taken  out  has  been  found  in  pockets  in  the  limestone  that  constitutes  the  surface- 
rock.  A  shaft  has  been  sunk,  however,  and  a  true  lead  reached  in^he  solid  granite. 
This  lead  trends  northeast  and  southwest.  From  difierent  assays,  and  the  practical 
working  thus  far,  the  rock  is  found  to  average  about  $33  to  the  ton. 

Wool  is,  perhaps,  the  most  important  product  of  the  country.  The  immense  plains 
and  sheltered  rincons  in  the  mountains,  together  with  the  mild  climate,  make  this 
country  one  well  adapted  to  sheep-raising,  and  considerable  wealth  is  invested  in  this 
branch  of  industry. 

Cattle- raising  is  the  principal  occupation  of  many.  Agriculture  is  but  a  secondary 
pursuit,  as  there  are  so  few  places  where  the  soil  is  suitable. 

Franklin,  or  £1  Paso,  Tex.,  is  the  seat  of  the  custom-house  of  the  district  of  Paso 
del  Norte.  On  the  opposite  bank  of  the  Rio  Grande  is  the  old  Mexican  town  of  £1 
Paso,  having  a  population  of  about  5,000.  The  character  of  the  commercial  inter- 
course between  the  two  countries,  at  least  in  this  district,  is  shown  by  the  following 
table,  kindly  furnished  me  by  Mr.  Slade,  the  collector  of  this  district,  to  whom  I  am 
indebted  for  many  other  acts  of  courtesy. 

DISTRICT  OF  PASO  DEL  NORTB. 

Exports  and  imports  far  the  year  ending  December  31, 1878. 


EXPORTS. 


Total  valuation $60,000  00 

Chiefly  cotton  and  woolen  goods. 


IMPORTS. 

Totid  valuation $420,873  46 

Principal  commodities : 

Silver  coin  and  bullion $313,381  00 

Cattle 59,916  00 

Wheat 5,543  00 

Wheat-flour 7,244  00 

Com 6,3:J7  00 

Beans 4,287  00 

Sugar 3,307  00 


The  position  of  the  initial  monument  of  the  boundary  line  between  the  United  States 
and  Mexico,  as  determined  by  the  commission  of  1855-'56,  is  as  follows:  Latitude,  31^ 
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AT  00";  lonf?itade  106°  31'  23"A  Onr  determination  of  the  same  point  differed  Boraewliat: 
Latieade,  3P  46' 58''.54 ;  longitude,  lOB^  31'  34".02.  This  shows  a  difference  in  latitade 
of  1".46  or  aboat  147  feet,  and  in  longitade  of  10".52  or  about  906  feet.  Car  de- 
termination of  the  position  of  the  £1  Paso*  cathedral  showed  a  remarkable  coind- 
dence  with  that  of  the  boundary  commissioa.  As  published  in  their  report,  the  poeitino 
is,  latitude,  31°  44'  15".7;  longitude,  106^  ti^  00".  As  determined  by  our  party,  latitude, 
310  44'  15".ll ;  longitude,  106®  28'  59".77 ;  showing  a  difference  of  only  0".59  in  latitude 
and  0".23  in  longitude.  The  longitude  of  the  astronomical  monument  was  determined 
by  telegraph,  and  carried  to  the  other  points  by  triangulation.  The  boundary  ooia- 
mission  determined  their  longitudes  by  '*  lunar  culminations." 
The  4,656  square  miles  surveyed  by  the  party  may  be  approximately  olaased  aa  follows: 

Arable,  with  irrigation 133 

Grazing,  good 2,9?^ 

bad ©2 

Timber,  large 439 

small 1© 

Arid  or  barren...  A 280 

4,656 
In  conclusion,  I  desire  \o  thank  the  members  of  the  party  for  their  untiring  energy 
and  cheerful  co-operatiq^  under  all  circumstances.  To  Mr.  Mazson  is  due,  to  a  very 
g|reat  extent,  the  succesAf  the  season's  work.  Mr.  Wal bridge  rendered  valnable  as- 
sistance in  the  topographical  line,  and  Mr.  Kerr  as  meteorologist  and  Mr.  Phillips  as 
odometer- recorder  were  all  that  could  be  desired. 

I  am,  very  respectfully,  your  obedient  servant, 

EUGKNB  ORIFPFK, 

Second  LieuteHant  o/Engimeen, 
Capt.  Qeo.  M.  Whkblbr, 

Carps  of  Engineers,  in  charge. 
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REPORT  OP  LIEUTENANT  WILLARD  YOUNG,  CORPS  OP  ENGINEERS,  IX  CHARGE  OF  PARTY 
NO.  2,  UTAH  SECTION,  FIELD-SEASON  OF  1878. 

•  Ogden,  Utah,  Marck  17,  1379. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  operations  of  parties  under 
my  charge  during  the  season  of  1878 : 

SURVEY  OF  great  SALT  LAKE. 

Instructions  from  you  were  received  early  in  March,  at  the  field-oflQce  in  Ogden^  to 
organize  at  once  a  party  for  the  survey  of  Great  Salt  Lake.  A  plan  for  prosecuting 
this  work  had  already  been  submitted,  and  in  reply  j^onr  directions  were:  That  a 
careful  meander  of  the  shore-line  of  the  lake  and  of  its  islands  should  be  made  ;  that 
the  amount  of  inflowing  water  should  be  determined  by  measuring  all  streams  flowing 
into  the  lake;  that  observarions  should  be  made  to  determine  the surface-evaporati<m 
as  well  as  the  rise  and  fall  of  the  lake ;  that  all  necessary  topographical  notes  of  the 
country  immediately  bordering  the  lake,  and  of  the  islands,  shoula  be  t^ken. 

Soundings  were  to  be  made  when  practicable,  but  as  our  operations  were  confined 
entirely  to  the  land,  and  land-transportation  only  used,  nothing  in  this  respect  could 
be  done. 

The  party  which  took  the  field  March  11,  consisted  of  myself,  as  executive  oflSoer; 
Francis  Klett,  topographer ;  Louis  Seckels,  meteorological  observer  and  chainman; 
Corporal  John  T.  Hill,  Fourteenth  Infantry,  chainman ;  Private  M.  G.  Brenholtt, 
Fourteenth  Infantry,  packer;  Private  Joseph  Messer,  Fourteenth  Infantry,  cook  and 
assistant  packer ;  Sergeant  F.  L.  Hoffman,  Fourteenth  Infantry,  was  left  at  Ogden  in 
charge  of  the  observatory,  and  was  to  make  the  prescribed  meteorological  observations 
there,  and  was  charged  with  making  the  experiments  for  determining  the  evaporation 
and  rise  and  fall  of  the  lake.  The  instruments  supplied  were  one  six-inch  Wtirde- 
mann  theodolite,  reading  to  ten  seconds ;  one  Y-level ;  one  Young  &  Sons'  topograph- 
ical transit,  reading  to  one  minute:  one  gradienter,  and  the  necessary  meteorological 
instruments.  Five  riding,  fonr  pack,  and  two  team  mules,  with  a  light  spring- wagoo, 
were  the  means  of  transportation. 

The  principal  streams  entering  the  lake  are  the  Jordan,  Weber,  and  Bear  Rivers,  and 
these  are  the  only  ones  whose  discharge  was  to  be  determined  by  regular  current-ob- 
servations. It  was  only  possible,  from  the  small  size  of  the  party,  to  gauge  these 
streams  in  succession  ;  and  as  it  was  desirable  that  tbis  should  be  done  as  nearlv  oo 
the  same  date  as  possible,  and  as  only  the  eastern  and  northern  shores  of  thelaks 
could  be  meandered  without  the  aid  of  a  boat,  the  mouth  of  the  Jordan  River  wss 
selected  as  the  initial  point  most  favorable  for  our  work.    After  determining  the  dis- 


Digitized  by 


Google 


APPEKDIX  60. 


2207 


charge  of  the  Jordan,  our  first  care  being  to  find  a  suitable  place  for  oar  observations^ 
tbe  regular  meander  work  of  the  shore-line  was  commenced. 

The  surveying  party  proper,  consisting  of  the  topographer  and  two  chainmen,  fol- 
lowed, as  nearly  as  possible,  the  aotnal  shore-line ;  and  an  average  of  seven  or  eight 
miles  per  day  was  found  to  be  good  work.  A  great  deal  of  soft,  sticky  mad  was 
encoantered,  making  the  walking  very  diflScnlt  and  the  chain  very  hard  to  drag. 
The  meander  work  along  the  eastern  shore,  around  the  Promontory,  and  along  the 
northern  shore  of  the  lakt^,  was  prosecuted  almost  without  interruption,  until  a  point 
about  eight  miles  south  of  Kelton  was  reached.  A  few  days  of  stormy  weather  were 
experienced,  and  a  short  delay  made  at  Weber  and  Bear  Kivers  to  gauge  these  streams. 
It  oeing  impracticable  to  continue  tbe  work  further  without  the  aid  of  a  l»oat,  and  as 
this  could  not  l>e  famished,  the  party,  aft-er  waiting  several  days  in  Kelton  for  in- 
structions, returned  to  Ogden  on  May  12.  Around  the  Promontory,  and  where  tbe 
shore  conld  be  closely  followed  with  the  wa^on,  measurements  were  made  with  an 
odometer  instead  of  by  chaining.  Three-point  stations,  to  serve  as  checks  to  the 
work,  were  frequently  made.  Carefnl  topographical  notes  of  the  Promontory  Moun- 
tains were  taken,  and  two  of  the  principal  points  occupied  as  triangulation  stations* 
Carefnl  estimates  of  width,  depth,  and  velocity  of  ail  streams  fncoantered  were 
made,  so  that  the  total  inflow  of  water  to  the  lake  could  be  determined.  The  only 
streams  not  observed  by  us  in  this  way  are  those  entering  the  lake  at  its  southern  end, 
and  lying  west  of  Jordan  River,  and  the  few  small  springs  on  Anteloi>e  and  Staus- 
bury  Islands 

There  are  a  few  springs  known  to  exist  below  the  present  level  of  the  lake  surface, 
bnt  of  course  no  estimate  of  the  amount  of  water  discharged  by  them  could  be  made. 
The  total  discharge  from  all  other  sources,  not  including  Jordan,  Weber,  and  Bear 
Bivers,  as  given  iiy  onr  observations,  is  222  cubic  feet  per  second.  When  it  is  remem- 
bered that  these  observations  were  made  during  the  months  of  March  and  April,  after 
the  streams  had  begun  to  rise,  and  when  the  springs  were  well  supplied  with  water 
from  the  last  winter's  snows  and  rains,  and  that  at  this  season  none  of  the  water  was 
diverted  for  purposes  of  irrigation,  it  is  not  tuo  much  to  assume  that  this  result  will 
represent  a  fair  annual  mean  of  the  inflow  from  these  sources. 

CURRENT   OBSERVATIONS. 

In  gauging  the  Jordan,  Weber,  and  Bear  Rivers,  sub-surface-floats  only  were  used 
They  were  made  from  ordinary  five-gallon  coal-oil  cans,  the  tops  and  bottoms  of  the 
cans  being  cut  out.  Wires  were  soldered  diagonally  on  the  inside  to  serve  as  an  attach- 
ment for  the  Qord  connecting  with  the  surrace- float.  Light  slips  of  pine  board  were 
sawed  to  tbe  proper  length  and  fitted  on  the  inside  near  the  top  of  the  can,  to  give  it 
sufficient  buoyancy.  Each  can  was  connecte<l  by  a  fine  cord  to  a  small  tin  elliptical 
float,  carrying  a  flag.  This  served  to  keep  the  main  or  sub -surface- float  at  a  constant 
depth,  and  the  flag  marked  its  course.  Opposite  each  base-line  fonr  or  more  cross- 
sections  of  the  stream  were  made,  by  taking  soundings  at  distances  of  10  feet.  The 
srreams  being  narrow,  the  distances  were  very  accurately  determined  by  stretching 
from  bank  to  bank  a  cord  marked  at  distances  of  50  and  10  feet,  rest  ectively,  with 
white  and  red  rags.  These  gra<lnated  cords,  when  placed  at  tbe  extremities  of  the 
base-line,  afforded  a  very  easy  and  accurate  method  for  determining  the  course  of  each 
float. 

The  results  obtained  are  given  in  the  following  table.  I  base  my  estimate  for  mean 
discbarge  on  a  study  of  the  character  of  the  channels  and  on  information  gathered  as 
to  the  relation  existing  between  the  height  of  the  water  at  the  time  of  measure- 
ment and  at  the  flood  and  low- water  seasons,  as  well  as  the  probable  duration  of  high 
water. 


Stream.                                 !     | 

pi  111 

Remarks. 

Jordan  River-Measured  March  19, 13. 1878,  at  , 
Wineear's  Ranch,  near  the  month  of  the  river           55 

Weber  River— Measured  March  99,  93,  1878.  at  | 
Alma,  helow  month  of  Ofcden  Creek 95 

875      1.000 

882  !    1.S00 

2,507  i    3,500 

• 

Mid-depth  flow  only. 

Mid-depth  flow  only. 

Mid-depth  flow  only. 
Estimate  of   width,   depth, 
and  velocity. 

Estimated. 

Bear  River-Meaaured  April  6,  7,  1878,  at  Co-  ! 
linno 195 

Snnnl V  from  all  other  measured  sources .......  !  ...... 

Snpnly  from  Tooele  and  Skull  VaUeya  and  from  | 

78 

Total i 

6.000 

1 
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The  mean  inflow  to  the  lake  for  the  year  1878  wonld  thus  be  6,000  cubic  feet  per 
second.  This  resnlt  is  not  to  be  relied  npon  as  giving  a  correct  mean.  Sach  wonld  be 
the  case,  verv  nearly,  if  the  sources  of  these  streams  were  constant  springs,  and  if 
they  were  allowed  to  flow  in  their  own  channels  thronghont  the  year  without  being 
diverted  for  purposes  of  irrigation ;  but,  depending  as  they  do  largely  upon  the  melt- 
ing of  the  mountain  snows,  an  almost  daily  flactuation  during  the  spring  and  summer 
months  is  noted,  and  the  amount  is,  besides,  perceptibly  decreased  during  the  seaeon 
of  irrigation.  Dnring  the  season  of  high  water  the  volume  is  many  times  that  of  the 
fall  and  winter  months,  and  it  is  very  difficult  to  form  a  correct  estimate  of  the  mean 
inflow. 

Observations  were  made  by  me  in  March,  1H79,  to  determine  the  height  of  the  lake 
surface  as  compared  with  its  height  of  the  same  date  in  1878.  I  find  that,  in  the  year 
thus  included,  the  lake  fell  2,575  feet,  or  about  31  inches.  The  average  annual  raio- 
fall  for  Salt  Lake  City  for  the  past  ten  years  is  over  20  inches,  while  the  rainfall  for 
the  year  ending  March  20, 1879,  as  taken  from  the  records  of  the  signal  statioD  at 
Salt  Lake  City,  is  but  16.02  inches.  A  marked  decrease  in  the  lake's  supply  is  thus 
shown,  both  of  inflowing  water  and  of  rainfall. 

An  inflow  of  6jW)0  feet  would  in  a  year  suffice  to  cover  the  lake  to  a  depth  of  40 
inches.  Adding  to  this  the  total  rainfall  assumed  for  the  whole  lake  to  be  12  inebeSf 
«nd  the  fall  of  the  lake  surface  31  inches,  we  have  for  the  total  annual  evaporation  63 
inches. 

EVAPORATION,  ETC. 

The  observations  for  determining  the  evaporation  and  rise  and  fall  of  the  lake  wen 
made  by  Sergeant  Hoffman  at  Lake  Side,  near  the  village  of  Kaysville.  This  point  was 
selected  «8  being  convenient  to  Ogden,  and,  besides,  as  being  distant  from  any  large 
streams  of  fresh  water  and  from  the  mountains. 

A  wooden  pillar,  graduated  to  feet  and  inches  for  5  feet  of  its  length,  the  zero  being 
at  the  bottom,  was  tot  in  the  lake,  in  about  four  feet  of  water.  On  March  18  the  wate^ 
surface  read  1  foot  and  9  inches.  A  large  wooden  stake,  to  serve  as  a  permanent  refec^ 
encemark,  was  driven  near  the  flag-staff,  and  its  top  couueoted  by  leveling  with  the 
zero  of  the  water-scale.    It  was  found  tm  be  lli)75  feet  higher  than  suid  zero. 

For  obtaining  the  evaporation,  a  wooden  box,  lined  with  zinc  and  made  perfectly 
water-tight,  was  provided.  Its  interior  dimensions  were  24  inches  by  30  inches,  by  14 
inches  deep.  It  was  so  weighted  by  counter^mises  passing  over  two  groovotl  stand- 
ards, in  which  it  was  made  to  work,  that,  when  6lled  to  within  2  inches  of  the  top,tt 
was  not  more  than  3  inches  above  the  lake  surface.  It  was  placed  in -the  lake  near 
the  graduated  pole.  The  water  in  the  bos  would  thus  be  subjected,  as  nearly  as  might 
be.  to  the  same  influences  of  tem|>erature,  sun,  wind,  raiu,  &c.,as  the  water  in  the 

The  amount  of  evaporation  was  to  be  taken  directly  from  the  box  by  scale  and  ver- 
nier reading,  or  was  to  be  determined  by  measuring  the  fluid-ounces  contained  in  the 
box  when  filled  and  the  amount  remaining  at  the  time  of  observation.  The  difference, 
referred  to  the  size  of  the  box,  would  give,  it  was  thought,  a  more  correct  measure 
than  could  be  obtained  by  vernier  reading.  Other  necessary  meteorological  observa- 
tions were  also  to  be  made  in  connection  therewith.  The  whole  apparatus  was  placed 
in  positi(m  on  the  18th  of  March,  a  clear,  calm  day,  and  seemed  to  work  well.  Later, 
however,  and  after  repeated  trials,  it  wa.->  found  that  no  reliance  could  be  placed  in 
the  results  obtained.  If  the  lake  was  at  all  rough,  the  dashing  of  the  waves  against 
the  box  would  s<K>n  fill  it  with  the  spray  thus  formed ;  and  on  several  occasions  the 
box  was  found  totally  submerged  and  sunken,  a  result,  as  I  suppose,  of  the  undnla- 
tory  action  of  the  waves,  which  wonld  not  allow  a  free  action  of  the  box  in  its  grooved 
standards. 

On  being  informed  of  this  failure,  other  methods  were  proposed  to  Sergeant  Hoff- 
man which  might  prove  more  snccessf  nl ;  but  he  did  not  find  opportunity  to  carry  oat 
my  suggestions,  his  time,  until  his  death,  being  fully  employed  at  Ogden  with  Pro- 
fessor Andr<$  and  associates,  who  were  busily  engaged  in  preparations  for  the  transit 
of  Mercury. 

The  circumstances  of  the  sergeant's  sad  demise  have  already  been  reported  in  full 
to  you.  Sergeant  Thomas  Knight,  Fourteenth  Infantry,  was  afterwards  detailed  to 
take  the  late  sergeant^  place,  but  no  further  observations  were  made  at  Lake  Side. 

SUMMARY  OP  WORK  DONE. 

Variations  of  the  needle 6 

Three-point  stations 12» 

Triangiilation  and  topographical  stations , 9 

Creeks  and  ditches  measured  by  estimating  width,  depth,  and  velocity 40 

Rivers  gauged  by  current- observations 3 

Miles  measured 255.8 
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Divided  as  follows:  • 

By  time  aud  tbree-point  stations 49.5 

By  oilometer - 60. 5 

By  chaininf; 14').  S 

Cam|)8 ' 22 

Days  from  Jonlan  River  toKelton 54 

Days  delayed  by  ^to^m 9 

CiHt«rii-bfirome*ter  observations  in  the  Held 118 

Aiien»id- barometer  obsei  various  in  tlie  field 118 

Cintern  barometer  observations  on  triangnlation  stations 16 

Aneroid-barometer  observation  on  triangulatiou,  topographical,  and  meandered 

stations 155 

DEVELOPMENT  OF  THE  TERRACE-LUCIN  BASE. 

In  the  fall  of  1877  a  base-line,  a  little  over  24  miles  in  length,  was  measured  along 
the  line  n(  the  Central  Pacific  Railroad  between  Terrace  and  Lncin.  Two  measure- 
ments wore  made,  under  the  direction  of  Messrs.  Klett  and  Kintuer,  civilian  assistants. 
The  work  to  be  done  by  the  party  under  my  charge  was  to  level  this  base,  and  to  so 
develop  it  as  to  connect  with  the  system  of  triangles  to  the  northward  and  eastward 
completed  in  1877. 

The  pe  sonnei  of  the  party' was  the  same  as  that  engaged  in  the  survey  of  Salt  Lake. 
The  instruments,  field-equipmeut,  and  transportation,  were  also  the  same, except  that 
no  wagon  was  taken.  Triaut;ulatiou  instrument  No.  112,  by  WUrdemaun,  was  very 
much  out  of  order.  Application  was  made  t6  have  it  replaced  by  a  better  one,  bat 
this  WHS  not  done.  The  results  obtained  are  not,  it  is  feared,  as  ^ood  as  could  be 
hoped  for  in  ciuisequence,  although  great  care  was  taken,  by  multiplying  observations, 
to  eliminate  all  source  of  error. 

The  party  left  Ogileu  on  the  evening  of  May  23,  by  rail,  and  reached  Terrace  the 
next  morning.  On  inipiiry,  it  was  found  that  the  monument  erected  by  Messrs.  Klett 
aud  Kiutner  rhe  previous  year  at  Lncin  had  blown  down,  and  had  l>een  removed  and 
destroyed.  Two  memlM»rs  of  the  party  were,  therefore,  at  once  sent  forward  to  rebuild 
it  aud  cover  it  witli  white  cloth,  a  supply  of  which  ha<l  been  provided  on  leaving  0;^- 
den.  The  monument  at  Terrace  was  still  standing.  The  work  of  leveling  was  at  once 
uuilertaken  and  carried  forward  to  completion  by  Messrs.'  Klett  and  Seckels.  On  oc- 
cupying the  extremities  of  the  base,  the  monuments  were  found  to  be  indistinct,  even 
at  the  UKKst  favorable  times  of  the  day  for  observing.  It  wjm,  therefore,  decided  to 
iucrcsise  their  size,  an<l  a  height  was  given  to  them  of  from  25  to  30  feet,  while  before 
they  stood  but  12  or  15  feet  above  the  ground.  On  every  station  but  one,  where  the 
view  was  not  obstructed  by  mountains,  sights  were  taken  to  both  monuments.  At 
Pilot  Knob  the  Lucin  montnuent  could  not  be  seen,  for  the  day  we  made  the  ascent 
of  this  mountain  proved  to  bo  hazy,  and  the  Terrace  monument  was  andistinguish- 
able. 

The  work  of  leveling  being  completed  and  stations  made  at  the  extremities  of  the 
base,  we  proceeded  to  occupy,  in  order,  the  following  points:  Desert  Peak,  Pilot  Knob, 
Newfoundland  Peak,  Clear  Creek  Peak,  Citadel  Peak,  Deer  Peak,  and  Tangent  Peak. 
This  completed  the  work  assigned  us,  and,  returning  from  the  field,  we  reached Ogden 
June  20.  Topographical  notes  were  taken  by  Mr.  Klett  at  nearly  all  the  mountain 
stations,  and  the  heights  of  all  were  barometrically  determined. 

The  history,  resources,  and  general  geology  of  the  Salt  Lake  Valley  and  Desert  are 
too  well  known  from  previous  reports  to  require  from  me  any  further  description. 

Mining  locations  had  been  maHe  and  some  work  done  near  South  Promontory 
Peak ;  at  Newfoundland,  where  there  is  a  district  organized  ;  at  Silver  Islet,  or  Desert 
Peak;  and  in  the  Clear  Creek  hills,  north  of  Terrace.  At  none  of  th^se  places  was 
work  being  prosecuted  at  the  time  of  our  visit.  Locations  were  noted  on  the  east  side 
of  the  Ombey  Mountains,  in  the  vicinity  of  Pilot  Knob.  On  the  western  slope  of 
these  mountains,  <li.stant  from  the  railroad  alioat  eight  miles,  and  in  the  State  of  Ne- 
vada, is  situated  the  once  thriving  mining  town  of  Buell.  Work  in  some  of  the  mines 
in  the  vicinity  is  still  carried  on,  but  only  to  a  limited  extent.  Specimens  of  ore  were 
obtained  only  at  Newfoundland.  These  are  principally  carbonates  and  sulphides  of 
copper,  with  some  argentiferous  galena  of  low  grade.  The  district  has  been  almost 
abandoned  since  1871. 

Following  is  a  brief  summary  of  the  work  done  on  this  trip: 

Triangulation  stations 9 

Topographical  stations 3 

Camps. 14 

Days  in  the  field 28 

Uays  in  traveling 12 

Days  on  stations 8 

Days  in  leveling  base 6 

Days  delayed  by  storm 2 
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The  prescribed  meteorological  observations  were  made  every  nif^bt  aod  morning  at 
camp,  and  barometric  readings  were  taken  on  each  nionntain  station. 

PARTY  U.— UTAH  SECTION. 

This  party,  which  was  orj?anized  at  Ogden,  Utah,  in  the  latter  part  of  July,  coo- 
sisted  of  myself,  as  executive  officer  and  field  astronomer;  Frank  Carpenter,  topopih 
pher ;  William  Mollis,  meteorological  observer;  W.  A.  Purrington,aneniid  and  odom- 
eter recorder ;  Ge«»rge  Stewart,  chief  packer ;  Corporal  J.  T.  Hill,  Fourteenth*  Infantry, 
packer ;  and  Charles  Harris,  cook.  One  raaft  to  act  as  gnide,  herder,  and  man  of  til 
work  was  engaged  on  reaching  the  field. 

The  work  intrusted  to  us  whs  the  completing  of  the  survey  of  the  country  lying 
within  atlas-sheets  73  A,  73  C,  73  D,  and  80  A,  left  unfinished  in  IKT.'i.  InstmctioBS 
were  also  given  us  to  continue  the  work  southward  from  Los  Angeles  toward  Sao 
Diego,  as  far  as  time  and  the  weather  would  permit. 

We  took  train  at  Ogden,  with  our  complete  outfit,  on  the  26th  day  of  July.  TTw 
point  selected  for  commencing  actual  field  work  was  Caliente,  Cal.,  and  this  we  reached 
on  August  2.  All  the  supplies  for  the  season  were  received  here.  From  this  point  we 
proceeded  to  meander  the  Kern  River  to  its  forks,  near  Kernville,  and  to  survey  two 
small  unfinished  areas;  one  lying  west  and  south  from  Owen's  Peak,  and  coinpHsin^ 
the  country  in  the  immediate  vicinity  of  Walker's  Pass;  the  other  lying  north  ot  Keni 
River,  on  the  slope  of  t'  e  mountains  towards  Tulare  Valley,  and  comprising  the 
country  drained  by  Posa  Creek. 

The  route  of  the  party  from  Caliente  was  down  the  caHon  to  the  railroad  station 
Pampa,  across  the  foot-hills,  and  down  Cottonwood  Creek  to  Kern  River,  and  thence 
over  the  Breckenridge  Mountain  to  the  mining  town  of  Havilah.  From  this  point  the 
stage  and  freight  road  running  from  Caliente  to  Panamout  was  followed,  up  the  south 
fork  of  Kern  River  and  through  Walker's  Pass,  to  Coyote  Hole,  a  stage  st>ation  on  the 
edge  of  the  Mojave  Desert.  Returning,  a  new  line  over  the  hills  and  down  the  Kel*> 
Creek  to  the  town  of  Weldon  was  meandered.  A  trail  running  down  the  Kern  River 
CaHon  took  us  to  the  old  mining  camp,  now  abandoned,  of  Dahlonega.  The  minfs 
here  are  said  to  have  been  the  first  worked  in  Kern  County.  We  were  enabled  to  pro- 
ceed but  little  farther  along  the  river  beyond  this  point,  as  the  cafiou  below  here  and 
to  its  mouth  becomes  a  narrow,  rock-bound,  and  impassable  gorge.  We  therefore 
turned  northward  across  the  mountains  and  descended  to  Posa  Creek.  A  few  day» 
in  this  region  sutticed  for  Mr.  Carpenter  to  gather  the  necessary  topographical  d^ta. 
when  we  proceeded  to  meander  Kern  River  from  the  mouth  of  the  canon  to  Bakers- 
field.     We  then  returned  to  Caliente  for  supplies. 

The  foot-hills  bordering  the  Tulare  Valley,  west  of  Breckenridge  Mountain,  and  tho« 
north  of  Kern  River,  were  well  covered  with  the  grasses  of  the  country,  and,  where  nn\ 
eaten  out  by  sheep,  the  feed  was  abundant.  In  the  other  portions  of  the  country  tra- 
vel sed  by  us  the  grazing  was  but  indifferent.  An  abundance  of  fine  pine  timber  was 
found  near  the  summit  of  the  Breckenridge  Mountain,  aud  in  the  vicinity  of  Posa 
Creek  and  near  Caliente  the  hills  were  covered  with  oak.  live-oak,  and  sagar-pine. 
In  the  country  east  of  Havilah  and  Kernville  but  little  timber  of  any  kind  was  foand. 
Along  the  south  fork  of  Kern  River,  and  in  the  valley  where  the  north  and  soath  forks 
come  together,  there  are  abont  20  sqnare  miles  of  cultivable  land,  with  a  sufficiency 
of  water  in  the  river  for  irrigation.  A  considerable  sum  of  money  would  have  to  be 
expended  to  carry  water  to  all  this  land,  which,  judging  from  appearances,  ia  not  very 
productive. 

Posa  Creek  sinks  before  reaching  the  plain,  and  only  furnishes  water  for  a  few 
ranches  along  its  banks  while  yet  in  the  mountains  and  foot-hills. 

Kef^  River,  as  it  debouches  into  the  valley,  furnishes  water  enough  te  irrigate  aboat 
200  square  m|les  of  land.  It  is  being  mostly  utilized  on  the  plains  a!>ont  Bakersfield, 
where  there  are  large  companies  formed  which  own  and  control  the  water-righta. 

Leaving  Caliente  August  25,  a  line  around  the  north  side  of  Livermore  Mountain  to 
the  old  Tejon  Reservation  was  meandered.  From  this  point  our  course  was  throuj^ 
Tejon  Pass  to  the  Desert,  and  thence  across  the  Liebre  Ranch  to  Elizabeth  Lake.  Here 
we  entered  the  caHon  of  Castac  Creek,  which  we  followed  to  its  month,  on  the  Santa 
Clara  River.  Then,  crossing  by  trail  the  mountains  to  the  south  of  this  stream,  we 
reached  the  old  mission  of  San  Fernando,  September  1.  This  country  was  visited  by 
parties  of  the  survey  in  1875.  The  only  new  ground  touched  by  us  was  the  Castac 
Caflon.  The  country  through  which  this  creek  runs,  from  Elizabeth  Lake  to  Tvi,thin  a 
few  miles  of  its  mouth,  is  almost  utterly  worthless,  being  covered  with  a  thick  growth 
of  chaparral  and  other  brush,  to  the  exclusion  of  all  other  vegetation.  Near  the  Santa 
Clara  the  brush  runs  out,  and  the  hills  are  covered  more  or  less  luxuriantly  with  herb- 
age of  difierent  kinds,  affording  very  good  pasturage.  A  great  many  sheep  are  herded 
here.  Bear,  deer,  and  quail  abound  in  the  caflon.  Near  its  head,  and  for  some  distance 
below  Elizabeth  Lake,  the  rock  of  the  cation  is  of  a  true  granitic  structure.  Abimi 
midway  down  the  caflon,  however,  it  changes  to  a  kind  of  dolorite,  schistose  in  atruct- 
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nre,  and  very  mnch  tilted  and  twisted.    Still  lower  it  cUangea  to  a  pnddiug-stone,  and 
then  to  a  saudatone. 

The  next  nufinislied  area  to  be  snrveyed  by  ns  waa  sitnated  west  of  our  camp  at  San 
Fernando  Mission,  and  comprised  portions  of  the  San  Fernando,  Conejo,  and  Santa 
Monica  Mountains,  and  of  tne  Simi,  Las  Posas.  Santa  Clara,  San  Ferpando,  and  Los 
Angeles  Vallt^ys.  Oar  time  until  October  3  was  fully  occnpie<l  in  this  region  in  mean- 
dering roads  and  trails,  and  in  occnping  topographical  and  other  stations.  The  sea- 
coast  in  the  vicinity  of  Santa  Monica  lor  several  miles,  and  from  San  Buenaventuia 
to  beyond  Hueneme,  was  also  m)dandered.  The  only  lava  seen  during  the  season  was 
foand  in  the  hills  at  the  lower  end  of  the  Simi  Valley.  Fur  description  and  resources 
of  this  region  reference  is  made  to  the  reports  of  former  years. 

On  the  4th  day  of  October  the  party  left  Los  Angeles  for  the  San  Gabriel  Cafion, 
passing  on  the  way  the  beautiful  San  Gabriel  Valley  and  the  old  mission  of  that  name, 
said  to  have  been  the  ii ret  established  by  the  Span  Hh  padres  in  this  region.  The  old 
cbnrch  here  is  in  tolerable  repair,  and  religious  services  are  still  held  there.  The  sur- 
rounding country,  which  is  largely  taken  up  in  oraoge  culture,  is  the  most  beautiful 
visited  by  ns  during  the  season.  The  work  in  the  canon  progressed  very  slowly,  from 
the  almubt  impassable  nature  of  the  trails  we  had  to  follow,  and  especially  owing  to 
the  absence  of  grass  or  forage  of  any  kind  for  our  mules.  The  four  principal  forks 
were  nieandereu  as  far  as  it  was  possible  to  penetrate  with  our  auimals.  The  extreme 
western  fork,  which  rises  immediately  under  San  Gabriel  Peak,  was  named  Joy  CaQon 
in  honor  of  Mr;  Douglas  A.  Joy,  geological  assistant  of  division  No.  2  in  1875,  who  in 
that  >ear  traversed  the  whole  distance  from  San  Gabriel  Peak  to  the  mouth  of  the 
canon  on  foot. 

There  are  extensive  deposits  of  detriMis  and  d4hrU  all  along  the  cafion.  which  are 
auriferoUH,  and  gold-washing  has  been  aud  is  still  carried  on  to  a  considerable  extent. 
There  was  home  excitement  at  the  time  of  uur  visit  about  reported  rich  strikes  at  and 
near  the  Winston  silver  mine,  near  the  month  of  the  caAon,  where  a  true  tissure-vein 
is  sai<l  to  exist,  and  where  there  are  silver  deposits  resembling  in  many  res|)ects  those 
near  Virginia  City,  Nev.  With  the  exception  of  the  mining  interests  and  a  little  pine 
aud  oak  timber  near  the  suuimita  of  the  mountains,  very  hard  to  get  at,  the  entire 
Country  drained  by  the  San  Gabriel  is  worthless,  aud  comprises  one  of  the  mo^t  dreary 
aud  uninviting  regions  imaginable.  From  the  head  of  Joy  Canon  we  made  a  compar- 
atively easy  accent  of  San  Gabriel  Peak,  and,  although  detaiue<l  there  two  days  by 
stormy  weather  (Mr.  Carpenter  and  myself  remaining  ou  the  peak  during  that  time), 
we  at  last  succeeded  in  obtaining  all  wished-for  results.  We  were  just  three  weeks  in 
the  cafion,  meaudeiing  the  stream  aud  occupying  the  necessary  mountain  points,  and 
during  that  time  our  animals  had  become  very  much  jaded  and  worn,  so  that  for  a 
time  but  short  marches  could  be  made.  After  mean<lenug  San  Antonio  Creek  to  near 
its  head,  and  making  a  topographical  station  on  a  mountain  west  of  the  cafion  aud 
near  San  Antonio  Peak,  we  KKik  the  road  leading  through.  Cucamonga  to  San  Ber- 
nardino, aud  reached  this  latter  point  November  L  Mining  in  San  Antonio  Cation  ha<l 
jnst  receive<l  an  impetus  from  new  discoveries  made  there,  aud  a  number  of  parties 
^ere  at  work  washing  or  prospecting. 

At  San  i^rnardino  we  supplied  ourselves  with  rations  for  thirty  days,  from  the 
l^eneral  stores  that  had  been  forwarded  by  rail  from  Caliente  to  Los  Angeles,  and 
tbence  to  C<dton.  The  surrounding  country  is  a  fertile,  well-watered,  and  delightful 
valley  of  tield»,  vineyards,  aud  orchards,  and  contains  a  mixture  of  American,  Spanish, 
and  Indian  population.  The  principal  business  interests  are  centered  in  San  Ber- 
nardino, though  the  town  of  Colton,  but  three  miles  distant,  and  situated  on  the  rail- 
road, bitis  fair,  as  the  general  depot  of  this  region,  to,rival  it  in  time.  We  were  de- 
tained two  days  at  the  month  of  Lytle  Creek  Cafion  by  a  severe  storm,  the  only  one 
experienced  during  the  season.  The  surrounding  mountains  were  covered  with  snow 
half-way  down  from  their  summits,  and  in  some  places  to  a  depth  of  18  inches,  but  it 
0O  rapidly  disappeared  as  to  occasion  us  no  other  inconvenience  than  the  delay  men> 
tioned. 

The  ascent  of  San  Antonio  Peak  was  made  from  the  head  of  Lytle  Creek  on  the  10th, 
and  the  next  day  we  crossed  over  the  mountains  northward  into  Swarthout's  Cafion, 
camping  at  Matthews'  Ranch,  where  Lieutenant  Whipple  and  party  made  a  halt  in 
1875.  The  rock  around  San  Antonio  Peak,  and,  indeed,  throughout  this  whole  sierra, 
18  granitic.  The  cafjon  of  Lytle  Creek  towards  its  head  is  the  most  regular  I  have  ever 
aeen,  and  exhibits  signs  of  extensive  glacial  action.  The  east  fork  of  San  Gabriel 
Creek,  heading  under  San  Antonio  Peak,  aud  just  over  the  divide  from  Lytle  Creek, 
also  shows  this  same  action  to  a  marked  degree.  Gold  placer-mining  has  l>een  carried 
ou  to  some  extent  in  Lyile  Creek,  but  the  work  is  now  abandoned  south  of  Swar- 
thont's  Cafion.  On  the  mountains  dividing  it  from  San  Gabriel  and  Rock  Cieeks,an 
abundance  of  fine  pine  timber  is  found,  interspersed  with  a  little  redwood.  Water  in 
Swarthout^s  Cafion  is  quite  scarce,  only  appearing  as  springs  at  diU'erent  intervals 
aloug  the  cafion.  Locations  have  been  made  at  each  of  these,  and  several  ranches 
bav«  been  started,  where  potato-growing  is  a  great  success. 
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After  followinn^  down  Swarthout'e  Cafion  to  near  its  month,  on  the  desert,  and  turn- 
ing to  the  east  and  crossing  a  low  ridge,  we  entered  the  main  Cajon  Wash  at  ira  bead, 
the  aneroid  reading  4,510  feet  on  the  divide  at  this  point.  The  pri»jected  railroad  from 
Los  Angeles  to  Independence  was  to  have  run  through  this  pasn,  and  the  grading  in 
this  vicinity  is  completed  for  a  distance  of  several  miles.  In  crossing  from  the  wash 
to  the  desert  a  long  tnnnel  isuiBCfssary,  and  work  on  this  had  alno  been  commenced. 
The  wagon  road  does  not  follow  the  main  pass  for  more  tban  half  of  its  length,  but 
turns  to  the  right  up  a  narrow,  rocky  cafion,  and  thence  passes  from  its  heail  on  to  the 
desert.  We  followed  this  road  from  the  month  of  tKe  caHon  to  a  mile  beyond  Feart 
stage  station,  and  then  crossed  over  on  to  the  west  fork  of  the  Mojave  River.  An  ex- 
tensive plain  or  valley,  well  covered  with  grass,  aloi  g  this  stream  to  the  forks  uf  the 
river,  aftords  pastunige  for  great  numbers  of  cattle  and  horses.  At  the  time  of  onr 
visit  ll»e  range  was  overstocked,  and  the  grass  pretty  well  eaten  down.  At  the  forks 
of  the  Mojave  we  fonnd  an  ei  campment  of  abtmt  fifty  Pah-Ute  Indians,  inclnding  men, 
women,  and  children,  very  comfortably  fixed  (though  living  in  wickiups)  and  toler- 
ably well  dressed.  They  have  water  ditches  constiucteil  to  irrigate  about  10  acres  of 
land,  and  this  they  farm  each  year.  Their  principal  food,  however,  consists  of  pine- 
nuts  and  such  game  as  they  can  kill  in  the  surrounding  uionntains.  Nearly  all  the 
water  of  the  river  at  this  point  comes  from  the  east  fork,  and  it  all  sinks  a  short  dih- 
tance  below  the  Indian  camp.  1  estimate  that  there  is  water  enough  coming  out  of 
the  cafion  here  to  irrigate  a  tliouHa>  d  acres,  and  there  is  more  than  this  amount  of  land 
in  the  plain  below.  Of  its  fertility  I  cannot  speuk,  though  I  judge  it  to  be  not  very 
productive. 

Up  to  this  point  the  hills  were  more  or  less  thickly  covered  with  chaparral  and  other 
brush,  if  timber  of  some  kind  was  not  found  ;  but  here  we  encountered  the  true  desert 
country.  The  hills  to  the  east  want,  which  we  skirted  by  following  the  true  desert  plain, 
were  entirely  destitute  of  vegetation,  except  a  scattering  growth  of  bunch-grass,  and 
re8embled,in  their  dry,  parched  appearance,  the  isolated  groups  of  monntains  which  rise 
here  and  there  from  the  Great  Mojave  Desert  and  add  to  its  dreariness  and  desidation. 
Farther  east,  as  we  asceude<l  the  road  leading  to  Holcomb  and  Bear  Valleys,  brush  and 
]iinon  pine  were  again  met  with  ;  and,  finally,  extensive  foresta  of  beautiful  pine  were 
encountered,  stretching  eastward  as  far  as  8anta  Ana  Cr*  ek  and  the  San  Bernardino 
Mountain,  and  westward  along  the  summit  of  the  mountains  to  the  Cajou  Pass.  Sev- 
eral steam  saw-mills  have  already  been  built,  one  at  Holcomb  Valley, the  others  in  the 
mountains  just  noi  th  from  San  BernartUno,  which  supply  the  suiiounding  counrr>-  with 
lumber.  The  mining  and  timber  interests  of  this  region  are  the  only  <uies  of  any  con- 
siderable value,  though  the  grassy  swamps  of  Bear  Valley  afi'onl  good  pasturage  dar- 
ing the  summer  months.  At  the  lower  end  of  this  valley  the  water  wdlects  into  a 
large,  shallow  lake,  which  is  a  resort  for  thousands  of  geese  and  ducks.  The  principal 
rock  formations  are  still  granitic,  though  there  are  some  quite  extensive  limeHtone  de- 
posits, notably  in  the  vicinity  of  the  Green  lead  mine,  west  of  Holcomb  Valley,  and 
in  the  Lone  Valley  mining  district.  There  is  also  some  limestone  found  in  the  foot- 
hills east  of  Cajon  Pass,  and  on  the  south  slope  of  the  mountains.  East  of  Bi'ar  Val- 
ley the  hills  are  mostly  covered  with  pifion  pine  and  the  higher  mountains  with  pint 
timber. 

From  onr  camp  at  Lone  Valley  two  topographical  stations  were  made ;  one  on  Min- 
eral Hill,  so  named  from  extensive  mineral  deposits;  the  other  on  a  imint  near  the 
divide  between  the  headwaters  of  Whitewater  and  Santa  Ana  Creeks  From  Bear 
Valley  we  crossed  over  the  mountain  into  the  cafion  of  the  Santa  Ana,  and  meandered 
that  creek  from  the  fork  near  its  head  to  near  the  mouth  of  Bear  Creek,  beyond  wbicb 
it  was  impossible  to  penetrate;  then,  crossing  the  west  end  of  the  San  BeniardiDe 
Mountain,  we  descended  into  Mill  Creek,  at  Forsee's  Ranch,  and  from  there  proceeded 
to  San  Bernardino,  which  we  reached  November  29. 

In  Mill  Creek  there  are  two  or  three  ranches,  where  fruit-growing  is  a  principal  bn«- 
ness.  The  mills,  from  which  the  creek  took  its  name,  were  destroyed  by  a  flood  iu  1863, 
and  jiave  not  been  rebuilt.  Forsee^s  Ranch,  here  situated,  is  a  favorite  camping  spot 
for  pleasure  parties  seeking  relief  from  the  intense  summer  heat  of  the  valley  beluir. 
In  Santa  Ana  Canon  there  are  several  large  cienegaa,  where  during  the  summer  a  great 
many  cattle  are  pastured.  A  large  fish-pond  was  built  here  at  considerable  expense, 
and  fish-cnlturb  entered  into;  but  \t  has  proved  a  failure,  maiuly,  I  judge,  from  the 
want  of  a  market.  Besides  pine  and  oak,  some  very  tine  cedars  are  found  in  tbb 
oafion. 

Orders  wore  fonnd  awaiting  ns  at  San  Bernardino  to  disband  the  party  in  time  to 
reach  Sacramento  with  our  outfit  not  later  than  December  12.  Four  days  were  spent 
in  the  mountains  to  the  north  of  San  Bernardino,  to  complete  the  topography  of  that 
region  ;^  and  then,  following  down  the  Santa  Ana  River,  we  reache<l  Santa  Ana  De- 
cember 7.  On  the  9th  onr  animaln,  stores,  and  public  property  of  every  description 
were  loaded  on  to  cars  and  started  for  Sacramento.  Arriving  there,  everything  was 
rausferred  to  Lieut.  B.  H.  Randolph,  Third  Artillery,  quartermaster  of  the  survey; 
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and  the  work  of  disbanding,  storing,  and  Rhipping,  carried  to  completion  nnder  the 
direction  of  Lieut.  S.  E.  Tillman,  Corps  of  Engineers. 
The  following  list  shows  the  principal  observations  made  by  the  party : 

Sextant  latitude  stations - - 9 

Main  triangulation  stations 1 2 

Three- point  stations 106 

Meander  stations 1, 571 

Monuments  built 43 

Variations  of  the  needle  taken H 

Miles,  measured 1,176.44 

Miles  traveled  and  not  measured 462. 25 

Camps ^ 96 

Cistern-barometer  stations 176 

Aneroid-barometer  stations 1,044 

Days  on  the  march IIH 

Days  in  camp 11 

Information  concerning  the  mining  districts  examined  will  be  found  under  the  head 
of  mining  notes  elsewhere. 

Very  respectfully,  your  obedient  servant, 

W.  Young, 
Second  Lieutenanlj  Corps  of  Engineers. 
Capt.  Geo.  M.  Whekler, 

Corps  of  EngineerSf  in  charge. 


Appendix  D  (sub). 

keport  op  lieutenant  willard  young,  corps  of  engineers,  in  charge  of  a 
special  party  engaged  in  the  survey  of  great  salt  lake  and  vicinity^ 
field  season  of  1879. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Ogden,  Utah,  July  18,  1879. 

Sir  :  1  have  the  honor  to  submit  the  following  report  of  the  operations  of  a  special 
party  engaged  in  the  survey  of  Great  Salt  Lake  aud  vicinity  during  the  field  season 
of  1879. 

The  party  was  organized  at  Ogden,  Utah,  and  consisted  of  myself,  as  executive  officer 
and  triaogulator;  Francis  Klett,  topographer:  Louis  Seckels,*meteorologioal  recorder 
and  chainmau  ;  Sergeant  Thomas  Knight,  Fourteenth  Infantry,  chainman ;  Private 
Joseph  Messer,  Fourteenth  Infantry,  cook  ;  Benjamin  Brown  and  Lewis  Brown,  boat- 
men ;  making  in  all  a  party  of  seven  men. 

The  boat  chartered  to  furnish  transportation  for  the  party  was  the  Joseph  Brown, 
of  Salt  Lake,  a  sloop-iigged  3'acht  of  about  nine  tons  burden.  We  had  besides  a  cat- 
TigfCfd  skiff,  which  was  used  in  landing  and  in  general  coasting  where  the  wafer  was 
shallow.  The  surveying  party  used  the  latter  boat  most  of  the  time,  sis  good  headway 
coald  be  made  with  the  oars,  even  when  the  wind  proved  unfavorable  for  sailing.  It 
drew  about  one  foot  of  water,  while  the  large  boat  drew  about  three  feet. 

IiistrumentM,  rations,  aud  the  general  camp-equipage  having  been  shipped  from 
Ogden.  the  partj'  proceeded  by  rail  from  that  point  to  Lake  Side  on  the  Utah  Cen- 
tral Railroad,  meeting  there  on  April  22,  1H79,  the  Messrs.  Brown  with  their  boats.  The 
general  stores  were  at  once  loaded  on  to  the  boat,  and  everything  placed  in  readiness 
to  commence  the  survey  work  as  soon  as  the  weather  would  permit,  it  being  at  that 
time  stormy,  wet,  aud  cold. 

In  plotting  the  work  of  last*year,  a  portion  of  it,  from  the  Jordan  River  to  Lake 
Side,  proved  unsatisfactory,  and  it  was  therefore  decided  to  run  a  new  line  between 
these  points,  so  as  to  correct  any  errors  there  might  be  in  the  old  work,  and  to  exercise 
tbe  men  in  their  duties  before  reaching  new  ground. 

The  weather  proving  favorable,  work  was  commenced  April  22,  and  from  that  time 
on  was  vigorously  prosecuted.  StatiouH  were  made  along  the  shore  at  distances  of  one  or 
two  miles  apart,  with  a  ten-inch  Wiirdeman  transit,  aud  the  position  of  each  marked 
liy  a  strong  wooden  stake,  firmly  driven  into  the  ground  and  appropriately  marked 
and  numbered.  A  meander  line  was  run  between  these  points  with  a  Gnnter  chain 
and  a  Young  &  Son  transit  by  the  topographer  and  his  assistants,  which  afforded 
tlie  means  of  gathering  all  necessary  data  regarding  the  conformation  of  the  shore. 
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The  work  of  ranning  this  meander  was  very  fatiguing  and  trying  to  thoee  engaged  in 
it;  the  walking,  almost  without  exception,  being  difficnlt,  either  from  water,  mod, or 
loose  sand.  For  this  canse  and  for  the  reason  that  the  work  of  chaining  would,  of 
necessity,  be  frequently  interrupted  along  the  western  shore,  and  especially  aronnd  th* 
rooky  shores  of  the  islands,  this  method  of  conducting  the  meander  was  not  continned 
beyond  the  northern  end  of  the  Stansbury  range  of  mountains,  near  Skull  Valley ;  bnt 
from  that  point  forward  three-point  stations  with  the  large  instrument  were  made 
more  frequently,  and  the  shore  line  between  them  sketched  in  and  fixed  by  citMSHMghts. 
This  change  enabled  us  to  make  much  greater  progress,  and  it  is  thought  the  results 
will  prove  even  more  satisfactory. 

On  May  26  we  reached  the  point  where  work  was  discontinued  in  1878.  £ach  of 
the  principal  islands  in  the  lake  was  then  visited  in  turn,  its  shore  meandered,  and  the 
highest  point  carefully  occupied  as  a  triauffulation  station.  Stations  were  then  made 
with  the  large  instrument  at  three  different  points  on  the  promontory,  and  at  two 

f joints  on  the  eastern  main  shore,  to  serve  as  checks  to  last  year's  work  The  shore 
ine  of  the  lake  eastward  a  few  miles  from  the  mouth  of  Bear  River,  which  was  left 
unfinished  in  1876,  was  filled  in,  and  the  river  itself  meandered  fn>m  its  moath  upas 
far  as  Corinne.  This  latter  point  was  reached  June  20,  aud  here  we  dismissed  the  bo»t 
and  boatmen.    Thence  proceeding  by  rail,  we  arrived  in  Ogden  June  21. 

Preparations  were  at  once  made  t<»  visit  Mount  Grant  and  occupy  it  aa  a  main  tri- 
angnlatiou  station  in  connection  with  our  work.  This  was  done  on  June  28,  an«l  on  oar 
return  Mr.  Klett  and  myself  reached  Ogden  ai^iiin  June  :iO.  Theoth«r  meraberai  of  oar 
party,  Sergeaut  Knight  and  Corporal  Brenholtz,  Fourteenth  Infantry,  delayed  at  Lake 
Side  to  assist  in  construction  of  an  evaporatiou  tank  for  determining  the  lake  evapi>- 
ration,  and  did  not  reach  Ogden  until  July  2. 

A  meander  of  the  Weber  River,  from  the  Utah  Central  Railroad  bridge  at  Ogden  to 
the  lake  shore,  was  also  made. 

Observations  at  the  Ogden  office  are  now  lielng  made  during  three  days  of  each 
week,  to  determine  the  evaporation  fmm  the  lake  surface.  The  results  thus  far  shoir 
a  daily  average  of  abont  |  of  an  inch  for  the  month  of  July. 

While  on  the  lake  some  care  was  exercised  in  gathering  specimens  of  lake  water, 
salts,  fossils,  &,c.,  to  add  as  far  as  possible  to  the  general  knowledge  of  the  coantry 
visited  by  us. 

Lines  of  soundings  were  made  whenever  possible  without  int^erfering  with  our  other 
duties.  Time,  however,  did  not  permit  any  systematic  work  in  this  regard.  The 
water  brought  from  the  lake — in  all,  twelve  bottles — t-aken  from  the  lM>ttom,  mid- 
depth,  and  surface,  resptfctively,  at  f<mr  different  pointa  in  the  lake,  and  the  apecimeiu 
of  mnd  aud  salt,  have  been  submitted  to  Professor  Kingsbury,  of  the  Deaeret  Univer- 
sity, Salt  Lake  City,  for  analysis. 

Following  is  a  summary  in  brief  of  the  results  obtained  by  the  seasoD's  lubor: 

Points  occupied  as  main  triangnlation  stations:  Mount  Grant,  Antelope  laland. 
Monument  Point,  Skull  Peak,  Stansbury  Island,  Lip  Peak;  total,  6. 

Points  occupied  as  secondary  triangnlation  stations:  Dolphin  Island,  Carrington 
Island,  Gunnison  Island,  Hat  Island,  Miller's  or  Fremont's  Island,  Strong's  Knob; 
total,  6. 

Numberof  three-point  stations  with  large  instrument  (Wilrdeman,  No.  160). .  193 

Number  of  three-point  stations  with  small  instrument  (Young,  No.  5063) 21tJ 

Number  of  pointings  made  on  primary  and  secondary  triangnlation  stations.  2, 590 

Average  for  each  station ^16 

Number  of  points  occupied  as  meander  stations 435 

Numberof  three-point  stations  at  land-office  stakes  or  marks 2 

St<me  monuments  built 50 

Variations  of  needle  by  Polaris 7 

Needle-readings  from  triangnlation  points ; 4 

Number  of  miles  chained 9^27 

Number  of  miles  traveled  and  not  chained 300 

Camps  made 42 

Points  occupied  as  cistern-barometer  stations 1^ 

Points  occupied  as  aneroid-baromet«r  ntatious : 2 

Highest  altitude  noted  (Mount  Grant),  feet 10,500 

Lowest,  altitude  noted  (lake  surface),  feet 4  200 

Mining  camps *      I 

Days  in  travel 55 

Days  in  camp 15 

Streams  gauged !<; 

Rock  specimens  collected \q 

Ore  specimens  collected ^ 

Fossils  collected •. i^ 

Botanical  specimens  collected ...III.'  22 
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Zoological  specimeDs  collected,  some  in  water 

LarvtB  of  iiiHects,  cans 2 

Mud  IroDi  lake  bottom,  bottles *i 

Number  of  sonudiogs  recorded 500 

Deepest  souudiug  made,  feet ii9 

Very  respectfully,  your  obedient  servant, 

WiLLARD  Young, 
Second  Lieutenant,  Corps  of  Engineers, 
Capt.  George  M.  Whkkler, 

Corps  of  EngineerSy  in  charge. 


Appendix  E. 

report  op   lieutenant  rogers  birnie,  jr.,  ordnance  corps,  in  charge  of 
party  no.  1,  colorado  section,  field  season  of  1876. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  One  Hundredth  Meridian, 

WaMngton,  D.  t'.,  March  15,  1879. 

Sir  :  I  have  the  honor  herewith  to  submit  a  report  of  operations  of  Party  No.  1,  Col- 
orado Section,  for  the  Held  season  of  1876. 

The  party  to  which  I  was  aissigned  was  organized  at  Fort  Garland,  Colo.,  and 
left  that  place  for  the  tiehl  on  the  2()th  of  July.  The  foUowing  persons  made  up 
the  party:  Lieut.  R,  Biroie,  jr.,  executive  officer  and  field  astronomer;  Mr.  Louis 
Nell,  topographical  assiHtant;  Mr.  John  A.  HaHson.  meteorological  observer;  Mr.  G. 
H.  Schleieher,  uieteorologieal  observer;  Mr.  E.  W.  Lyon,  odometer  recorder,  with 
Felix  Burgess  and  E.  W.  Davis,  packers;  Thomas  Weils  and  Jj)hn  Johnson,  cookn; 
and  J.  B.  Grant,  laborer.  Mr.  E.  Gillette,  jr.,  afterward  joined  ns  at  Santa  F6,  N. 
Mex.,  August  3,  1878,  and  throughout  the  season  performed  the  duties  of  assistant 
topographer. 

The  instruments  assigned  to  the  party  or  received  daring  the  field  season  and  used 
by -oi.s  were.  Sextant  No.  1475  Stackpole  &  Bros.,  and  artificial  horizon,  No.  11; 
theo4lolite  No.  123,  Biiit'tSc  Berger  (with  adjustable  standards),  reading  to  10"  ;  theod- 
olite. No.  1(>49,  Stackpole  &  Bros.,  reading  to  20";  transits,  Nos.4U5I  and  4952,  Young  & 
Sous,  reading  to  1';  compensated  steel  tapes,  Nos.  1  and  7  ;  one  odometer  vehicle,  si u^le 
wheeled  ;  odometers  Nos.  10,  15,  and  16 ;  field  compass.  No.  8,  and  Abbott  compass.  No. 
11 ;  cistern  barometers,  Nos.  1988,  2159,  and  2161;  aneroid  barometers,  Nos.  iid^  and 
2097,  with  attached  thermometers;  pocket  thermometers,  Nos.  17  and  24;  psychrome- 
ters  (sets),  Nos.  5,  16,  and  20;  maximum  and  minimnm  thermometers,  Nos.  6  and  14. 

The  party  was  designed  to  work  in  Southwestern  New  Mexico,  which  necessitated  a 
march  of  over  400  hundred  miles  from  Fort  Garland  to  reach  its  field  of  work  proper, 
but  en  rouf«  some  old  work  was  to  be  checked  and  the  country  between  the  Rio  Grande 
about  Albuqueniue  and  the  Pnerco  was  to  be  traversed  with  reference  to  its  topogra> 
phy  and  the  routes  of  travel  from  Albuqnerqno  west  toward  Fort  Wingate. 

Enough  rations  were  taken  at  Fort  Garland  to  last  the  party  as  far  as  Sante  F<^,  to 
which  place  we  first  proceeded.  The  meander  was  begun  at  the  ferry  near  the  mouth  of 
theTriuchera,  and  thence  Mr.  Nell  went  through  the  lower  settlements  on  the  Conejos 
and  retnrned  to  the  Rio  Grande  at  Myers'  ferry.  An  old  stockade,  said  to  have  been 
made  by  Pike  near  the  Conejos,  was  sought  for,'but  its  site  could  not  be  certainly  fixed. 
From  Myers*  ferry  a  meander  was  run,  following  as  closely  as  possible  along  the  west 
bank  of  the  river,  to  the  ferry  and  ford  at  Cienegnilla.  Cattle  trails  were  found  the 
most  part  of  the  way,  but  no  travel  follows  that  route.  The  river  flows  through  a  df  ep 
and  rugged  cuilon — the  bank  at  San  Cristobal  crossing,  600  feet  high,  may  be  taken  as 
an  avertige.  Cattle  crossings  are  found  opposite  Los  Cerros,  near  San  Cristobal,  and 
at  the  mouth  of  the  Arroyo  Hondo.  From  Cienegnilla  to  Santa  Fd  our  route  was  over 
the  main  road,  which  had  been  surveyed  and  measured  by  your  parties  in  previous 
years. 

At  San  Ildefonso,  Mr.  Nell  with  a  small  party  left  us  to  survey  the  caflon  of  the 
river  between  that  place  and  Peua  Blanca.  At  Santa  F^  I  made  arrangement  for 
rations  for  the  party  during  the  season,  and  our  barometers  were  there  compared  with 
those  of  the  Signal  Oflice.. 

We  left  August  6,  and  marched  to  Pefla  Blanca  where  Mr.  Nell  arrived  two  days 
later.  He  had  strictly  confined  his  route  to  the  caflon  of  the  river  from  San  Hdefonso 
down,  and  had  been  compelled  to  travel  a  good  part  of  the  way  along  the  rocky  sh>pe8, 
without  trail  and  oftentimes  crossing  and  recrossing  the  river.    He  made  an  accurate 
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ronte  survey  of  tliis  exceediup^ly  roagh  cafion.  Ptfia  Blanca  was  a  suitable  place  from 
which  to  enter  the  country  that  we  desired  to  survey,  between  the  Rio  Grando  about 
Albuquerque  and  the  Puerco.  The  party  accordingly  marched  southwest  from  Peoi 
Blanca  toward  the  little  pinza  of  San  Francisco  on  the  Puerco.  The  meandered  route 
crossed  the  river  at  Pefla  Blanca,  where  there  is  a  good  ford — followed  down  the  west 
bank  a  few  miles  to  Cubero  and  thence  was  over  a  little-used  trail  to  the  pueblo  of 
Santa  Clara  on  the  Jemez. 

Crow  Spring,  apparently  only  a  water-hole  but  having  permanent  water,  waa  vis- 
ited ;  it  is  in  the  lava  blutfsof  one  of  the  short  cafious  that  cut  up  the  cliffis  on  the 
west  side  of  the  river  in  this  vicinity,  and  about  one  and  three-fourth  miles  w«^t  of 
Cubero.  It  can  scarcely  be  made  of  use  except  for  cattle,  though  there  was  local  talk 
of  the  advantage  ofa  road  crossing  the  Rio  Grande  at  Cubero  and  passing  this  water, 
in  preference  to  the  established  road  through  Pefla  Blanca  towai-d  San  Ysidro  Sprinss, 
this  latter  being  very  sandy.  Near  this  water-hole  waa  shown  me  the  bed  of  whui 
could  only  be  a  very  old  and  long-since  disused  road  ;  the  rough  lava  rocks  ha<l  Ixwn 
well  cleared  to  either  side,  but  now  were  fallen  back,  while  there  appeared  a  well- 
worn  route,  making  a  straight  course  nearly  due  east  and  west,  and  visible  for  a  mik 
or  more  from  our  point  of  (»bservatiun.  I  would  incline  to  attribute  its  origin  to  tlis 
Indians,  as  it  connects  apparently  the  Indian  towns  on  the  Rio  Grande  witli  tho«e  on 
the  Jemez,  but  in  that  case  the  amount  of  intercourse  between  the  two  places,  m 
probably  also  the  Indian  population  and  power,  has  largely  decreased.  Indeed,  the 
pueblo  of  Santa  Clara  presented  to  the  traveler  a  most  marked  exam))le  of  stagnation 
and,  inferentially,  of  decay.  It  is  built  on  the  bank  of  the  Jemez,  where  the  stream- 
bed  is  a  sand- flat  nearly  a  mile  wide,  and  the  little  rivulet  of  muddy  water  in  it  seemed 
scarcely  to  know  what,  course  to  take;  on  the  town  side,  the  sloping  bank  on  which 
it  is  built  extends  back  a  few  hundred  yards  to  the  lava  cliflfe ;  on  the  opposite  side,  a 
few  scattered  cedar  trees  struggle  for  sustenance  in  a  ridge  of  sand-hills;  vegetation 
seems  to  have  deserted  the  place;  there  were  no  gardens,  because  there  is  no  water  to 
irrigate  in  the  dry  season.  One  herd  of  about  40  cattle  was  brought  to  the  (corral  io 
the  evening,  and  there  were  numerous  sheep  and  goats,  so  that  all  the  wealth  of  the 
town  semed  to  be  their  herds.  We  got  a  little  corn  for  our  animals,  which  must  have 
been  obtained  by  trade,  or  perhaps  their  cultivated  fields  were  distant  from  the  villa|?e. 
They  could  s]>eak  a  little  poor  Spanish,  Imt  no  English.  There  was  a  church  and  a 
pricst^s  house,  kept  ready  for  the  padre  at  his  visit.  Their  food  consisted  principally 
of  milk  and  corn,  cooked  and  made  up  in  various  dishes.  The  isolation  of  this  towD, 
apparently  due  more  to  the  desire  of  its  inhabitants  than  it«  position  (for  it  is  less  than 
a  score  of  miles  from  the  towns  on  the  Rio  Grande j,  mode  it  for  me  an  object  of  strik- 
ing interest. 

Continuing  southwest  from  this  pueblo,  we  passed  through  the  sand-hills  along  the 
Jemez  and  crossed  an  elevated  table-land,  sloping  toward  tue  Rio  Grande,  with  good 
grazing.  About  five  miles  from  the  Puerco,  the  well-defined  ridge  that  runs  paialkl 
with  it  and  forms  the  divide  toward  the  Rio  Grande  was  crossed.  On  the  Puerco 
slope,  and  about  three  miles  from  the  river,  we  passed  Alum  Spring.  The  Puerco  Val- 
ley was  reached  just  after  it  had  been  visited  by  a  severe  rain-storm.  The  alkali  road 
near  the  stream  was  in  places  nearly  knee-deen  ;  the  water,  totally  unfit  for  use,  was 
flowing  in  a  narrow,  deep  stream  between  high  clay  banks.  The  character  of  this 
stream  makes  it  dangerous  to  cross  except  at  well-known  fords. 

From  the  Puerco  we  returned  to  the  Rio  Grande  at  Albuquerque,  taking  three  differ- 
ent routes.  Mr.  Nell  passed  over  a  portion  of  the  road  that  leads  from  San  Bernardino 
to  Sblazar,  and  connects  with  the  Santa  F6  road  to  Fort  W'ingate  through  Pena  Blanea; 
the  m<»8t  direct  road  from  San  Francisco  to  Albuquerque  was  tHken  by  Mr.  Gillette; 
the  third  meander  was  through  San  Ignacio  to  Albuquerque.  There  is  a  ford  of  the 
Puerco,  at  San  Ignacio,  and  thence  a  route  leads  west  toward  Cebolleta  and  Wingatc. 
The  crossing  at  Albuquerque  may  be  made  by  ford  or  ferry.  The  ford  is  very  danger- 
ous, and  the  character  of  the  banks  and  stream-bed  makes  an  exceedingly  poor  pLi<*6 
for  a  ferry.  In  traveling  from  Albuquerque  south,  the  river  may  be  crossed  at  this 
])oiut  and  the  road  down  the  west  bank  taken,  or  the  road  through,  the  meadows  along 
the  east  bank  may  be  taken  to  the  ford  at  Isleta,  which  is  an  excellent  one.  This  lat- 
ter road  is  somewhat  sandy  in  places,  and  in  this  respect  perhaps  somewhat  inferior  to 
the  other. 

From  the  ferry  at  Albuquerque,  in  addition  to  the  road  toward  Wingat©  via  San 
Ignacio  and  the  road  down  the  river,  is  the  direct  road  to  Wiugate,  which  crosses  the 
Puerco  about  eight  miles  below  San  Ignacio.  at  Sau  Luis  Rey ;  Mr.  Nell  took  this  road 
to  the  Puerco,  followed  down  that  stream  to  intersect  the  road  from  Los  Lunas  toward 
Wingate,  and  thence  proceeded  to  Los  Lunas,  where  I  had  gone  froiivAlbtiquerqne 
with  a  portion  of  the  party,  by  way  of  the  ford  at  iHleta.  We  had  thus  crossed  the 
stiip  between  the  Rio  Grande  and  the  Puerco  by  six  different  routes,  and  obtained  thor- 
ough and  i-eliable  data  coneerning  its  topographical  and  economic  features.  There  are 
a  number  of  old  roads,  but  the  two  principally  used  between  Santa  F<^  and  Wingate  are 
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first  that  via  Pefia  Blanca  and  San  Ysidro,  and  second,  that  by  the  ford  at  Albuqaerqae 
and  San  Luis  Rey  bridge  on  the  Paerco.  Neither  of  these  roads  was  followed  by  us 
far  enough  to  determine  its  merits. 

Tht^  travel  to  Camp  Apache,  Arizona,  from  the  railroad  termini  at  Alamosa,  Cal., 
and  Trinidad,  if  not  through  Fort  Wingate,  leaves  the  river  at  Los  Lnnas,  and  near 
Saint  John's,  on  the  Little  Colorado,  intersects  the  Camp  Apache  road  from  Fort  Win- 
gate.  Later  in  the  season  we  traversed  the  part  of  this  road  that  lies  between  Rit<a 
Qnemada  and  Saint  John's,  but  did  not  go  over  any  of  the  portion  between  Los  Lunas 
and  Rita  Quemada,  which  is  said  to  be  very  destitute  of  water  in  the  dry  season. 
From  Los  Lunos  we  followed  the  main  road  along  the  west  bank  of  the  river  to  All- 
millo.  My  object  was  to  traverse  the  North  Star  road — a  new  military  road  ihat  leads 
from  Fort  Bayard  north  and  passes  directly  through  a  portion  of  the  country  we 
meant  to  survey.  Properly  this  road  meets  the  Rio  Grande  near  the  mouth  of  the 
Puerco,  but  that  portion  between  the  Socorro  Forks,  near  Pueblo  Spring  and  the 
Pnerco,  had  been  surveyed  by  Lieuteniiut  Morrison's  party  in  1877.  I  therefore  went 
to  Alamillo,  and  took  the  cross-road  to  the  Socorro  Forks  by  way  of  San  Lorenzo 
Spring.  From  Pueblo  Spring  to  Monica  Spring  we  traveled  over  a  road  meandered  by 
Mr.-Tbompson  in  1K73.  Monica  Spring  is  in  atlas  sheet  84  A,  the  eastern  portion  of 
which  had  been  partly  surveyed  by  Thompson's  meander,  checked  by  triangnlation  in 
1873,  and  completed  by  close  work  by  Morrison  in  1877,  but  the  only  work  done  in  the 
portion  west  of  the  ridge  of  the  Mimbres  Mountains  had  been  a  meander  by  Sommersin 
1873.  Thompson's  and  Sommers'  surveys  had  been  plotted,  and  having  with  us  copies 
of  these,  we  were  enabled  to  see  what  had  been  done.  From  Monica  Spring  to  Fest's  ' 
Ferry,  which  was  made  the  next  objective  point,  a  very  circuitous  route  was  taken, 
one  however  that  served  well  the  purpose  for  which  it  was  undertaken,  viz,  to  develop 
the  monntainous,  and  consequently  the  difficult  portiou  of  the  country  we  had  to  survey. 
It  was  rather  In  the  nature  of  a  reconnaissance,  and  indeed  could  not  be  much  else,  as 
at  this  time  (August  20)  the  rainy  season  commenced,  and  we  had  rain  nearly  every 
day  during  the  succeeding  two  weeks  and  until  we  reached  Fest's.  Detailed  topogra- 
phy was  afterwaitl  obtaiin^  where  necessary,  as  we  revisited  the  country  at  a  better 
season,  when  working  up  the  adjacent  territory. 

The  North  Star  road  was  our  general  course  from  Monica  Spring  to  Magruder's,  or 
Upp-r  Mimbres,  near  Georgetown.  It  follows  the  old  road  to  Lnera  Spring  as  far  as 
the  Point  of  Rocks,  and  then  takes  a  southerly  course  into  the  western  slope  of  the 
Miembres  Mount^aius,  crossing  the  eastern  branches  of  the  headwaters  of  the  Gila  and 
conies  on  the  Mimbres  near  MoKnight's  ranch,  follows  down  this  stream  a  few  miles 
t<i  Magmder's;  thence  there  is  a  well- traveled  road  to  Georgetown^  Bayard,  and  Silver 
City. 

From  Monica  Spring  Mr.  Nell  meandered  the  trail  through  the  western  hills  of  the 
San  Mateo  Range  to  Ojo  Caliente  and  thence  the  trail  tJ)  Shaw's  ranch,  on  the  North 
Star  road.  The  rest  of  the  party  folio weil  the  road  to  the  forks  of  the  Patterson  road 
across  San  Angustin  Plain  from  Ojo  Caliente,  thence  along  this  road  to  the  plain, 
skirted  the  edge  of  this  plain  a  few  miles  toward  the  south,  and  thence  proceeded  to 
Shaw's  ranch  across  the  open  grassy  country,  where  head  the  extreme  (though  dry) 
drains  of  the  Gila  River ;  by  this  some  twelve  miles  of  the  road  was  not  traversed  (at 
this  time). 

1  had  desircil  to  cmss  the  Mimbres  Range  to  Fest's  Ferry  with  a  portion  of  the  party 
about  the  latitude  of  the  ferry,  but  the  ground  was  so  soft  that  it  was  impossible  to 
travel  off  the  road,  and  no  traveled  route  across  the  range  exists  between  Shaw's  (over 
the  trail  to  Ojo  Caliente)  and  the  one  we  finally  took,  which  leaves  the  Mimbres  some 
eleven  miles  below  Magmder's  and  crosses  the  range  near  Mule  Spring.  This  trail  is  the 
shortest  traveled  route  between  Magmder's  and  the  new  mining  town  of  Hillsboro. 
Fr<»m  Hillsboro  we  went  by  trail  to  Palomas,  and  thence  along  the  river  road  to 
Test's  Ferry. 

This  point  had  been  selected  as  the  best  adapted  for  carrying  out  your  Instructions 
in  regard  to  **  finding  a  practicable  route  across  the  main  divide  of  the  ccmtinent  be- 
tween the  Rio  Grande  an<l  the  head  of  the  Little  Colorado,  so  sitnated  as  to  be  the  most 
direct  possible  between  £1  Paso  and  the  head  of  the  Little  Colorado."  It  was  believed 
that  in  the  ridge  of  the  Mimbres,  parallel  to  the  Rio  Grande  on  the  west,  there  was  no 
practicable  pass  between  Ojo  Calient«  and  where  the  range  merges  into  the  plains  to 
the  sonth  near  old  Fort  Cummings.  This  supposition  was  found  to  be  correct,  except 
that  a  route  somewhat  similar  to,  but  not  so  gooil  as,  that  by  way  of  Ojo  Caliente  was 
found  by  Mr.  Nell  to  be  practicable  by  the  head  of  the  Cuchillo  Negro.  At  Fest's  a 
supply  of  rations  and  an  Indian  t>ony,  to  replace  one  that  had  died,  were  received  from 
Fort  Craig,  so  that  two  bell  mares  were  available,  and  the  pack-train  could  be  divided. 

The  party  was  divided.  I  took  with  me  Messrs.  Gillette  and  Lyon,  and  E.  W.  Davies 
and  Johnson  as  packer  and  cook,  to  make  the  part3r  to  go  to  the  Little  Colorado.  The 
rest  of  the  party  were  left  with  Mr.  Nell  to  continue  the  regular  topographical  work. 
Mr.  Nell  was  instruct'Cd  to  work  southward  between  the  Rio  Grande  and  the  summit 
of  the  Mimbres  in  84  C,  and  afterward  west  from  the  river  toward  Fort  Bayard,  in 
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the  8onthern  part  of  the  same  sheet.  We  were  to  meet  at  Fort  Bayard  on  my  retain 
aboat  the  middle  of  October.  From  Feat's,  by  way  of  Ojo  Caliente,  was  to  be  ray  out- 
ward ronte;  on  the  return  the  drainage  of  the  Skn  Francisco  (a  branch  of  the  Gila) 
was  to  be  made  available  to  tind  a  route  from  the  Little  Colorado  to  the  vicinity  of 
Silver  City  or  Bayard,  whence  the  plains  lying  south  of  the  Mimbres  Mountains  pre- 
sent no  obstacle  to  a  route  to  the  Rio  Grande  at  Mesilla. 
Both  divisions  of  the  party  left  Fest's  on  September  7. 

TRIP  TO  THE  LITTLE  COLORADO  AND  RETURN  TO  SILVER  CITY. 

The  accompanying  map  shows  the  route  taken  by  the  Little  Colorado  party  in 
going  toward  that  river  and  the  distances,  the  profile  giving  the  elevations.  The 
other  routes  of  this  party  meandered  are  those  across  the  Datil  Mountains,  and  about 
Tnlerosa ;  and  the  return  route  to  Silver  City  by  San  Francisco  River  are  not  especially 
mapped,  no  well-defined  route  being  developed  by  them. 

At  Fest's  is  a  ferry  and  a  good  ford  at  low  water;  several  roads  converge  to  it  from 
the  Jornada  del  Muerto  or  the  plains  on  the  east  side  of  the  river.  They  ap]iroacb 
Fest's  through  the  gap  in  the  Caballo  Mountains.  The  point  is  a  very  good  one  a^ 
to  approaches  from  that  side,  and  a  better  road-bed  can  be  had  from  £1  Paso  to 
Fest's  by  the  Jornada  del  Muerto  than  by  the  river,  owing  to  the  heavy  sand  always 
near  the  river,  and  as  the  plain  presents  a  more  even  surface.  The  m:ip  show8  the 
outward  ronte.  It  leaves  the  river  at  Fest's  and  passes  over  gradually-rising  ground 
until  a  high  grassy  plain  is  reached,  some  six  miles  from  the  river;  crosses  this 
plain  in  a  northwest  direction  until  the  abrupt  bank  of  the  cailon  Alamosa  is're;u;hed. 
Down  this  a  road  could  be  constructed  at  any  desired  grade.  Once  in  this  cafion,  its 
drain  conducts  one  to  the  low  divide  to  the  plain  of  San  Augustin.  Between  the 
town  of  Cailada  Alamosa  and  the  government  post  at  Ojo  Callente  the  cafion  is  in 
many  places  very  narrow  and  somewhat  winding;  a  stream  some  six  feet  wide  and 
three  or  four  inches  deep  flows  through  it.  Apparently  there  would  be  danger  of 
wash  in  the  cafion  at  high  water»  but  the  was;  m-road  now  passing  through  it  has  been 
used  for  a  number  of  years.  There  is  little  wash,  and  the  trunks  of  the  trees  and  bushes 
do  not  evidence  high  water,  and- scarcely  corroborate  the  story  of  the  wat^r  having 
flowed  with  a  depth  of  several  feet  throughout  the  narrow  parts  of  the  canon  within 
a  few  years  past.  Still  it  is  certain  that  great  care  would  be  necessary  to  protect  a 
road  built  through  this  cafion  from  washing.  On  going  up,  the  cafion  pro(>er  ends 
near  the  hot  springs,  which  are  sitnated  in  the  little  valley  just  above  the  opening. 
This  opening  (or  entrance  in  going  down)  is  remarkable^  being  like  a  narrow  gateway 
in  the  rocks,  scarcely  more  than  30  feet  wide  and  with  perpendicular  walls  a  hun- 
dred feet  high  or  more.  Th«  water  from  the  springs  which  form  the  stream  makes  a 
shallow  rippling  flow  that  completely  covers  the  floor  of  the  gateway.  In  the  open 
cafion  below  and  24  miles  on  the  route  from  Fest's  is  the  town  of  Cafiada  Alamosa,  a 
Mexican  town  of  perhaps  100  inhabitants,  who  simply  cultivate  the  flat,  here  a  half 
mile  wide,  using  all  the  water  of  the  stream  for  irrigating  purposes.  The  ground  is 
productive ;  several  hundred  acres  are  under  cultivation.  A  few  miles  above  the  town 
the  cafion  narrows  as  stated.  A  stunted  growth  of  wood  appears  on  the  banks,  but 
from  Oio  Caliente  good  timber  can  be  reached  within  a  few  miles.  A  sawmill  was 
formerly  in  operation  here,  but  is  now  removed.  Throughout  the  cafion  the  stream  is 
shallow  and  in  no  place  cuts  out  the  bed. 

In  September,  Ojo  Caliente  was  the  agency  for  about  300  Indians,  held  there  as 
quasi  prisoners  of  war,  deprived  of  their  arms,  under  charge  of  Lieutenant  Cnraruings, 
of  the  Fifteenth  Infantry,  with  a  guard  of  some  fifteen  soldiers.  The  buildings  are 
good,  consisting  of  two  sets  of  oflScers'  quarters,  a  small  barrack,  a  trader's  8ti>re  and 
bouse,  and  a  good  corral.  The  place  cannot  but  impress  one  for  its  beauty  and  utility. 
The  warm  springs,  several  in  number,  with  a  temperature  of  85^,  are  on  the  slopes  of 
the  low  hills  a  little  north  of  the  opening  of  the  cafion  and  about  a  half  mile  from  the 
buildings,  which  are  on  the  south  side  of  the  main  drain.  The  warm  springs  furnish 
the  most  of  the  water  of  the  stream,  but  there  are  copious  cold  springs  near  the  build- 
ings. From  the  west  several  broad,  open,  but  dry  drains,  filled  with  fine  grass,  con- 
verge at  the  post.  It  is  up  the  longest  of  these,  from  the  north  west,  that  the  road 
leads  toward  the  Little  Colorado.  Alter  Ojo  Caliente,  the  next  water  on  the  main  road  is 
Luera  Spring,  after  the  southern  arm  of  the  San  Augustin  Plain  has  been  crossed.  In 
going  from  Ojo  Caliente,  we  first  pass  the  fork  of  the  road  (Patterson's)  that  forms  the 
shortest  road  to  the  Tnlerosa  Pass.  A  limited  supply  of  water  will  be  found  at  a 
spring  on  this  during  the  greater  part  of  the  year  a  couple  of  miles  from  the  forks. 
In  this  vicinity  there  is  good  timber.  Shortly  after  the  divide  to  the  plain  is  passed, 
are  seen  the  forks  of  the  road  to  Point  of  Rocks ;  next,  the  North  Star  road  is  crossed  at 
right  angles.  The  direct  and  best  ronte  would  pass  through  the  low  hills,  leaving 
Luera  Spring  several  miles  to  the  south,  but  it  is  necessary  to  visit  this  place  for 
water.  Plenty  of  timber  is  found  about  this  spring.  At  present,  the  spriug  being 
filled  up,  the  water  supply  is  very  limited.    The  next  water  is  the  Enoinosa  Spring} 
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with  a  evel  plain  to  cross  to  within  a  mile  and  a  half  of  the  spring.  A  road  forks  to 
the  Tnlerosa  Pass,  a  couple  of  miles  from  Luera,  and  on  the  west  side  of  the  plain  the 
direct  road  from  Paehlo  Spring  (or  Socorro)  to  the  Tnlerosa  Pass  is  crossed. 

EncinoBa  is  an  ahnndant  spring:  sirall  oak  trees  grow  ahont,  and  line  pine  timber 
can  be  had  from  the  slopes  of  the  Horse  Mountain,  a  few  miles  to  the  west.  Leaving. 
Encinosa,  the  road  traverses  hilly  country  for  several  miles,  but  again  enters  the  long, 
dry,  and  gently-sloping  drain  that  is  crossed  where  the  road  left  the  San  Angnstin 
Plain,  plainly  giving  an  excellent  grade  if  we  pass  around  to  the  north  of  the  hills 
about  Encinosa,  but  in  this  case  the  road  would  not  pass  the  spring  by  a  mile  or  more. 
Our  road  now  follows  one  fork  of  this  drain  up  a  gentle  declivity  to  the  Continental 
divide,  which  is  crossed  a  few  miles  to  the  southwest  of  a  well-marked,  souare-topped 
mountain,  called  El  Creston.  On  the  west  side, the  road  descends  somewhat  abruptly 
for  about  a  half  mile ;  then  the  slope  is  gentle  to  Rtto  Mangas,  where  is  an  abundant 
spring,  and  the  road  enters  the  drain  of  the  Burnt  Fork  of  the  Little  Colorado.  For 
several  miles  on  the  west  slope  and  adjacent  to  the  road  all  the  way  from  Enoinosa  to 
the  divide  is  an  abundance  of  fine  timber,  much  of  that  about  the  divide  being  of  a 
suit^ible  size  for  telegraph- polfs. 

On  the  east  side,  several  miles  from  the  divide,  is  passed  a  growth  of  willows,  where 
water  can  apparently  be  had  by  digging,  but  the  amount  would  probably  be  small. 
From  Rito  Mangas  to  Carrizo  Spring,  or  about .17  miles  from  Saint  John's,  the  road 
follows  or  is  adjacent  to  the  bed  of  the  Burnt  Fork,  and  its  gentle  slope  leaves  no  ques- 
tion about  the  grade.  At  Rita  Qneroada  is  another  large  spring,  forming  a  stream  that 
runs  for  several  miles  as  at  Rito  Mangas.  At  both  these  places  Mexican  settlements 
have  been  established  within  a  few  years.  There  are  three  or  four  houses  at  Rito 
Mangas,  and  perhaps  twelve  at  Rita  Quemada;  probably  50  acres  are  under  cultiva- 
tion at  the  former  i)1ace,  and  four  times  as  much  at  the  latter.  At  Rito  Mangas  are  to 
be  found  the  first  settlers  after  leaving  OJo  Caliente  (a  cabin  has  been  pat  up  at  Enci- 
nosa,  but  was,  at  the  time  we  pnssed,  unoccupied).  As  before  stated,  we  intersect  at 
Rita  Quemada  the  road  from  Los  Lnnas  to  the  Little  Colorado.  No  large  timber  is 
found  near  the  road  to  Saint  John's  after  leaving  the  vicinity  of  Rito  Mangas,  but  the 
road  frequently  passes  through  growths  of  stunted  cedar.  After  Rita  Quemada,  the 
next  point  of  interest  is  Salt  Lake.  Shortly  before  reaching  it  a  road  forks  to  the 
left  that  leads  to  Milligan's  on  the  Little  Colorado,  by  way  of  Coyote  Spring.  The  road 
passes  just  along  the  north  side  of  the  Salt  Lake,  and  from  it  one  can  look  down  into 
a  depression  covering  several  square  mile8,  the  lowest  parts  of  which  are  covered  by 
the  waters  of  the  lake,  a  hundred  feet  or  more  below  the  general  surface.  The  depres- 
sion has  evidently  been  formed  by  volcanic  acti'»n ;  a  couple  of  small  black  cones 
(craters)  rise  from  the  water.  In  one  of  these  is  said  to  be  a  small  lake  with  water  of 
much  greater  saltness  than  the  outer  lake.  The  proportion  of  salt  in  this  water  is  not 
known,  but  is  very  great,  and  the  bottom  of  the  lake  is  covered  with  a  thick  layer  of 
salt,  to  obtain  which  it  is  only  necessary  to  throw  out  the  sediment  on  the  beach  and 
wash  with  clean  water.  It  is  the  source  of  salt  supply  for  a  large  area  of  country — 
among  others  the  ZuHi  Indians,  who  are  said  to  hold  the  vicinity  in  grear  awe.  A 
spring  of  pure  water  issues  from  the  bank  of  the  depression  near  the  west  side  of  the 
lake;  we  did  not  visit  the  spring.  After  leaving  the  lake,  in  a  few  miles,  the  road 
passes  a  number  of  fresh-water  lakes — shallow,  but  quite  extensive,  and  with  appa- 
rently enough  water  to  last  through  the  year,  but  it  is  believed  they  would  be  quite 
dry  in  May  and  June.  The  first  permanent  fresh  water  convenient  to  the  road,  after 
Rita  Quemada,  is  found  at  Tule  Spring,  in  the  immediate  vicinity  of  which  there  is 
no  wood.  Shortly  after  this  the  road  leaves  the  drain  and  crosses  the  hills  to  La  Pilla, 
and  thence  to  Saint  John's.  The  drain  of  the  Burnt  Fork  continues  in  a  northwest  di- 
rection, intersects  the  Znfii  River  several  miles  from  its  mouth,  and  with  the  Znfii 
reaches  the  Colorado  some  15  miles  below  Saint  John's;  thus  indicating  a  natural  grade 
to  the  Little  Colorado.  Adjacent  to  the  present  wagon-road  from  Carrizo  to  Saint 
John's,  the  bills  are  rough  enough  to  make  the  grading  of  a  railroad  difficult,  particu- 
larly on  the  slopes  toward  the  fiver;  for  here  we  cross  a  ridge  of  broken  hills,  rapidly 
falling  several  hundred  feet  to  the  plain  adjacent  to  the  river.  A  wagon-route  to 
Apache  could  probably  not  be  better  located  than  the  present  road,  but  a  railroad  hav- 
ing in  view  extension  down  the  Little  Colorado  would  ifndoubtedly  find  a  better  route 
to  follow  the  drain.  We  passed  over  the  portion  of  the  road  in  the  Burnt  Fork  just 
after  the  rainy  season,  and  found  its  bed  in  many  places  very  soft  and  miry,  but  this 
objection  would,  I  think,  not  exist  out  of  the  months  of  August  and  September. 

In  going  over  this  route  I  think  any  one  could  not  help  being  impressed  with  Ita 
directness,  its  grade,  and  the  character  of  its  bed,  with  little  exception.  The  Conti- 
Dental  divide  can  be  crossed  by  either  a  rail  or  wagon  road  without  difficulty.  The 
route  is  generally  well  watered,  and  much  of  it  weiltimbered,  while  from  Ojo  Caliente 
to  the  Little  Colorado  there  would  be  no  bridging  and  little  cutting  to  make,  even  for 
a  railroad.  A  direct  line  from  El  Paso  to  the  mouth  of  the  ZuQi  will  be  found  to  pass 
not  more  than  :^  miles  from  Fest's  Ferry,  the  point  at  which  we  left  the  Rio  Grande 
Valley  to  cross  the  mountains.    It  will  be  seen  that  this  direct  line  cuts  through 
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the  roost  iuacceBsible  parts  of  the  Mimbres  MonotaiDs,  niakiDfi^  it  necessary  to  pass 
either  to  the  north  or  south  of  this  group.  This  runte  by  Fest's  is  to  the  north.  As 
stated,  Mr.  Nell  foand  that  a  gond  grade  for  a  road  couUl  be  e8tablishe4  from  the  Rio 
Grande,  by  way  of  the  Cuchillo  Negro,  throngh  the  moantaios  to  Shaw's  Ranch  on  the 
North  Star  road.  Other  observations  in  the  country  north  and  we^t  showed  that  this 
ronte  might  be  continued  to  connect  with  that  by  way  of  Ojo  Caliente  at  some  point 
in  the  San  Augustiu  plain.  With  a  view,  however,  to  a  route  to  the  Little  Colorado 
from  the  Southern  Rio  Grande  by  this  way,  it  would  be  necessary  to  follow  np  the 
Rio  Grande  as  far  as  Palomas;  thence  the  land  between  that  stream  and  the  Cuchillo 
Negro  could  be  crossed  to  the  drain  of  the  latter.  To  leave  the  Rio  Grande  below  Pa- 
lomas and  to  attempt  to  reach  the  Cuchillo  Negro  would  necessitate  the  crossing  of 
one  or  more  of  tho^e  terrible  cuts  that  the  streams  flowing  into  the  Rio  Grande  in  this 
vicinity  make  in  the  gravelly  table  between  the  river  and  the  Mimbres  Mountains. 
Betwe«-n  the  head  of  the  Cuchillo  Negro  and  Shaw's  there  is  a  great  deal  of  marshy 
land,  and  the  ronte  through  the  oafLon  would  be  less  direct  than  the  Cafiada  Alamosa. 
Then  from  Shaw's  to  the  San  Augustin  plain  the  route  would  necessarily  be  either 
difficult  or  circuitous.  I  conclude  that  the  Cafiada  Alamosa  offers  a  route  quite  as 
short  as  the  other  and  much  easier,  there  being  already  a  good  wagon-road,  while  there 
'3  not  even  a  trail  by  the  Cuchillo  Negro. 

Near  La  Pilla  is  crossed  the  boundary  line  between  New  Mexico  and  Arizona.  Saint 
John's  is  a  town  of  abont  200  inhabitants,  moat  of  them  Mexicans.  The  roads  from 
Wingate  and  from  the  Rio  Grande  (Los  Luuas)  to  Apache  join  at  the  town.  The 
Little  Colorado,  here  a  stream  some  12  feet  wide  and  8  inches  deep,  is  crossed  by  a 
ford.    The  road  to  Apache  afterward  parses  by  Cave  Spring,  &c. 

A  road  leads  up  the  stream  toward  Springerville,  abont  30  miles  distant.  We  took 
this  route  to  examine  the  valley  of  the  sti-eam.  Six  miles  from  Saint  John's  is  fonnd 
two  remarkable  springs,  called  **Salt  Springs."  Both  present  a  circular  surface  of 
water;  the  largest  is  abont  20  feet  across.  Abont  the  springs  the  surface  is  a  sedi- 
mentary rock,  probably  lime,  formed  by  deposits  from  the  water,  which  is  not  cold. 
Near  the  waters  edge  the  rock  has  formed  most  rapidly,  and  prej^ent^  a  wall  which  is 
now  more  than  a  foot  above  the  surrounding  surface.  The  water  flows  in  small  quan- 
tity over  the  edge  of  the  wall,  which  on  the  interior  is  nearly  perpendicular.  The 
deeper  of  the  two  springs  is  40  feet.  All  around  the  springs  is  an  alkali  marsh,  lint 
the  sedimentary'  rock  has  made  a  solid  footing  extending  in  one  direction  about  100 
feet  from  the  springs.  The  two  are  about  40  yard?*  apart.  A  ranch  h:is  been  built 
close  to  the  springs,  and  is  inhabited.  The  water  is  not  uuflt  for  use,  and  is  drunk  by 
cattle.  A  few  miles  above  these  again,  on  the  same  side  of  the  stream  (the  west),  is 
found  a  similar  series  of  springs,  called  Tule  Springs.  The  oouutry  abont  is  rough, 
and  cliff's  50  to  100  feet  in  height  t'ihq  near  the  stream,  sloping  to  the  higher  country 
on  either  side.  The  stream  occasionally  flows  throngh  cultivable  valleys,  contaiuing 
from  a  few  acres  to  several  hundred.  Evidences  of  cliff-dwellers  are  numerous.  Au 
old  burial  cave  was  found  near  Tule  Spring,  but  was  burned  out  by  some  careless  or 
superstitious  visitors.  Old  pottery  may  be  found* on  the  hills,  and  remains  of  stone 
dwellings. 

A  Mexican  living  at  Tule  Spring  is  now  using  to  irrigate  his  land  a  ditch  of  stone. 
The  water  used  is  derived  from  the  Tule  Spring,  and  the  ditch  has  been  so  long  in 
use  that  it  is,  so  to  speak,  fossilized.  The  present  owner  knows  nothing  of  who  made 
it,  and,  with  reason,  attributes  it  to  the  old  inhabitant's.  Lying  on  the  surface  of  the 
ground  near  by  are  the  remains  of  another  ditch,  the  segments  of  trough  shaped  stones 
being  in  position  for  100  yards  or  more.  A  few  settlers  are  found  along  the  stream. 
The  road  is  difficult,  encountering  a  number  of  hills,  and  within  12  miles  of  Springer- 
ville leaves  the  stream  and  traverses  a  high  lava  mesa.  The  stream  cuts  through  this 
in  a  narrow,  deep  cafion,  having  in  one  place  an  extended  and  rapid  fall.  To  construct 
a  good  wagon-road  would  require  much  labor. 

Springerville  is  a  thriving  and  growing  settlement,  situated  in  a  beautiful  valley  of 
the  stream.  There  are  probably  150  inhabitants,  a  number  of  whom  are  Mexicans,  but 
the  improvements  are  due  to  Americans.  Mr.  Milligan  was  one  of  the  fii-st  American, 
settlers,  and  owns  a  ranch  and  mill.  A  road  through  the  Datil  Mountains,  from  the 
San  Augustin  plain,  bears  his^ame.  From  Springerville  the  road  continues  to  Camp 
Apache. 

The  Milligan  road  is  not  used  for  through-travel  from  the  Rio  Grande.  The  road 
which  branches  from  the  Saint  John's  road  at  Salt  Lake  joins  the  Milligan  road  at 
Coyote  Spring  and  passes  through  Springerville,  but  the  greater  portion  of  the  travel 
is  by  way  of  Saint  John's  to  Apache. 

The  Tulerosa  Pass  had  been  supposed  the  best  through  which  to  cross  the  Conti- 
nental divide  ;  in  going  out,  however,  we  had  left  it  quite  to  the  south.  To  reach  the 
Little  Colorado  at  Springerville  from  the  San  Augustiu  plain  had  been  my  original 
intention,  but  the  ronte  by  the  Mangas  Pass  had  been  found  so  direct  and  good  that  it 
was  iirst  traversed.   Even  to  come  upon  the  Little  Colorado  at  the  mouth  of  the  ZuQi, 
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45  miles  below  Spriugerville,  gives  a  most  direct  route  to  cootinne  down  the  Little 
Colorado. 

We  proceeded,  however,  to  examine  the  Milligan  road  and  the  Tnlerosa  Pass,  partly 
with  a  view  to  a  route  from  San  Angustiu  plain,  and  partly  to  find  a  route  from  Spring- 
erville  to  the  Tnlerosa  Cr«»ek,  which,  being  a  tributary  of  the  San  Francisco,  would,  if 
it  could  l)e  reached,  offer  a  passage  from  Springerville,  by  way  of  the  San  Francisco, 
to  Silver  Citj',  which  I  had  before  planned  as  a  return  route. 

A  trip  was  made  from  Springerville,  over  the  Milligan  road,  to  the  San  Augustin 
plain.  Returning  to  Springerville  a  circuitous  route  was  taken.  We  crossed  the  pass 
TO  Tnlerosa,  looked  for  a  route  up  Ap.oche  Creek,  and.  failing  in  this,  kept  west  along 
the  head  of  the  drains  of  the  San  Francisco,  and  tried  (from  Paria's  Spiing)  the  pass 
of  the  Datil  Mountains  at  the  head  of  <me  of  the  drains  of  the  main  stream,  which, 
passing  by  the  new  settlement  of  Las  Leutes,  cuts  through  the  San  Francisco  Mount- 
ains in  a  deep  gorge. 

Afterward,  from  Springervi'le,  a  final  route  was  examined  to  the  drains  converging  at 
Las  Lenten,  by  passing  from  Springerville  up  Nntrioso  Creek  and  by  the  west  nide  of 
the  Escndilla  Mountains,  where  the  most  northwesterly  branch  of  the  San  Francisco 
was  headed  and  followed  down  to  Las  Lentes. 

Both  routes  from  Springerville  to  Las  Lentes  were  found  difficult ;  that  by  the  east  of 
the  Escndilla,  and  which  wouhi  fork  fnim  the  Milligan  roail  between  Cienega  Ama- 
rilla  and  Oak  Springs  to  cross  a  low  pass  of  the  Datil,  is  generally  the  best,  although  a 
few  miles  longer.  The  other  route  already  has  a  tolerable  wagon-road  from  Springer- 
ville to  Bnsh  Valley,  which  is  neiir  the  bead  of  the  northwest  branch  of  the  San  Fran- 
cisco ;  but  from  Bnsh  Valley  to  Las  Lentes  the  country  is  well  nigh  impracticable  for 
a  road  of  any  kind,  without  a  great  amount  of  labor.  At  present  a  very  rough  road 
pHFses  along  on  the  noith  side  of  the  stream.  No  natural  road  could  be  had  close  to 
the'streum,  which  for  a  goo<l  part  of  its  course  passes  through  narrow  locky  caftons. 
But  any  well-grade<l  route  by  Las  Lentes  to  the  Lower  San  Francisco  must  pass  through 
the  gor^e  of  the  stream  in  the  San  Francisco  Mountains. 

A  personal  examination  of  this  gorge  showed  it  to  be  impassable.  For  a  couple  of 
miles  it  narrows  to  a  mere  crevice,  \vitli  perpendicular  walls  of  rock,  being  several 
hundred  feet  in  height  and  the  water  of  the  stream  completely  filling  the  winding 
crevice  from  one  rocky  hide  to  the  other. 

To  return  to  the  Milligan  road  and  the  Tnlerosa  Pass  ;  The  grade  of  the  road,  al- 
though it  might  be  improved  in  places,  cannot  be  made  good,  and  some  bad,  rocky 
places  cannot  be  avoided.  The  Tnlerosa  Pass  is  essentially  a  southwest  one,  and  while 
it  offers  an  easy  rontefroni  the  San  Augustin  plains  to  the  Tnlerosa  Creek,  and  hence  gives 
access  ti»  the  liatin  of  the  San  Francisco,  it  in  no  way  offers  a  pass  to  the  Little  C<d- 
ora«lo.  The  rough  country  about  where  the  Tnlerosa  Creek  heads  in  the  southwest 
angle  of  the  Datil  Mountains  and  the  Continental  divide,  the  Datil  Mountains  them- 
selves, and  the  cut-up,  dry,  lues'a  country  to  the  north  of  them,  combiue  to  make  a 
well-graded  route  from  the  vicinity  of  Old  Fort  Tulerosa  to  the  Little  Colorado  a  diffi- 
cult thing  to  accomplish. 

As  before  stated  the  final  at  tempt  to  find  a  rout*  from  Springerville  and  follow  down 
the  San  Francisco  was  lua^le  by  Nu  rioso  Creek  (which  enters  the  Little  Colorado  at 
Springerville),  thenoe  down  the  San  Fnincisco  to  Las  Lentes.  From  Las  Lentes  to  the 
Rettlementsof  San  Francisc«>,  where  ihe  Tnlerosa  joins,  great  difficultv  was  experienced 
in  traveling  with  only  lo«»se  pack-mules.  It  was  impossible  to  go  tlirongh  the  gorge 
of  the  stream,  and  to  cnissthe  San  Francisco  Mountains,  which,  on  their  south  side,  fall 
in  a  succession  of  upturned  strata  bluffs  where  only  a  dim  game-trail  could  be  found 
in  places,  and  the  pack-train  was  nearly  turee  days  in  traveling  a  direct  distance  of 
about  fifteen  miles. 

Some  idea  of  the  rough  character  of  this  country  can  be  had  from  what  has  been 
said,  but  without  a  gooil  map  it  is  difficult  to  conceive  how  effectually  nature  has 
wrought  to  prevent  man  fnun  traveling  whither  he  may  list.  The  head  waters  of  the  San 
Francisco,  including  the  Tulerosa,  he;uling  in  the  Escndilla  and  Datil  Mountains  and 
afterwanl  flowing  through  the  San  Francisco  Rjinge,  which  is  south  of  and  generally 
parrallel  to  the  others,  are  encased  in  narrow,  rocky  caRons,  «)ften  boxed,  and  the  coun- 
try about  there  can  scarcely  be  described  by  saying  that  it  is  very  rough.  But  this 
rough  country  is  not  without  redeeming  features,  as  much  of  the  basin  between  the 
Escndilla,  Datil,  and  San  Francisco  Ranges  is  made  of  open  grassy  country  and  pleas- 
ant valleys.  Las  Lentes,  a  small  Mexican  settlement,  is  in  this  basin.  Fine  timber  is 
l^owing  over  the  Escndilla,  D  .til,  and  on  the  north  sh>|)e  of  the  San  Francisco.  Oc- 
casionally fertile  valleys  are  found  along  the  streams.  The  Nutrioso  is  fast  settling  up, 
and  in  Bush  Valley,  l>efore  mentioned,  a  thriving  settlement  has  been  started  within 
a  few  years  by  Mr.  Bush  and  his  sons,  and  other  settlers  are  now  coming  in.  On 
Apache  Creek  is  a  recently  establisheil  Mexican  settlement  called  Apachitii.  At  Old 
Fort  Tulerosa  is  a  settlement  of  Americans  and  Mexicans.  Along  the  road  between  this 
and  the  San  Francisco  plazas  are  other  settlers,  aod  these  latter  plazas,  three  in  num- 
ber, already  quite  extensive,  are  rapidly  growing  Mexican  towns,  and  now  contain 
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several  bundred  inbabitants.  A  fiae  cattle-ranob  bas  been  taken  up  by  Mr.^Patter- 
60D,  at  Cienega,  at  tbe  western  edge  of  tbe  San  Aagnstin  Plain.  A  few  miles  north  of 
tbis  is  Horse  Spring  (also  taken  up)  on  tbe  road  from  tbe  Rio  Grande  to  Old  Fort  Tn- 
lerosa.  All  of  these  settlements,  including  Springerville,  trade  with  tbe  towns  on  the 
Rio  Grande.  Altbongh  Silver  City  is  mnch  nearer,  their  roads  lead  to  tbe  Rio  Grande 
but  none  to  Silver  City.  Tbe  utility  of  one  is  apparent,  but  even  from  the  plazas  it 
will  be  a  difficnlt  matter  to  get  a  good  wagon-road  to  Silver  City. 

In  proceeding  from  tbe  plazas  to  Silver  City  we  still  follow  down  the  San  Francisco, 
which,  after  the  Tnlerosa  joins,  is  a  rapid  stream  some  fifteen  feet  wide  and  a  foot 
'deep.  A  dim,  little-nsed,  and  washed-out  road  was  followed  down  tbe  caHon  some 
twenty  miles  uutil,  owing  to  tbe  narrowing  of  the  caflon,  the  road  is  compelled  to  take 
the  hills  on  tbe  west  side,  and,  after  a  rough  route  of  some  six  miles,  returns  to  tbe 
stream  at  the  bead  of  what  is  called  tbe  **  Meadows,"  where,  for  five  or  six  miles,  the 
stream  flows  through  open  meadows,  in  places  a  mile  or  more  in  width.  At  tbe  foot 
of  the  meadows,  in  which  we  fouud  tbe  first  settler  was  just  establishing  himself,  the 
road  again  leaves  the  river  and  is  somewhat  rough  and  hilly  for  a  few  miles  to  White- 
water Creek,  where  is  another  embryo  settlement.  A  couple  of  miles  below  White- 
water tbe  road  finally  leaves  the  stream  and  crosses  tbe  drains  from  the  Mogollon 
Mountains  toward  Duck  Creek  Pass.  Entering  this  a  fine  slope  extends  to  tbe  Gila 
River.  The  n»ad  from  Duck  Creek  to  Mule  Spring  is  intersected  near  tbe  pass.  We 
found  that  little /vork  had  been  done  on  the  road  above  Whitewater.  With  the  ex- 
ceptional cases  where  it  traverses  open  ground  it  can  scarcely  be  called  a  road  nntil 
four  or  five  miles  below  Whitewater,  fn)m  which  point,  towards  Duck  Creek,  enough 
work  has  been  done  to  get  tolerably  over  the  bad  places.  The  present  route,  with  a 
good  deal  of  labor,  could  be  made  a  passably  good  wagon-road  from  where  it  comes  to 
tbe  stream  at  tbe  upper  end  of  tbe  meadows,  or  probably  twenty-five  miles  below  San 
Francisco  to  tbe  Gila,  whence  there  is  a  good  wagon-road  to  Silver  City  by  Maugas 
Spritjgs.  The  twenty  miles  of  road  through  the  canon  of  the  San  Francisco  below 
the  plazas  can  never  be  kept  in  repair  owing  to  the  sandy  character  of  tbe  soil  and 
consequent  liability  to  wash.  To  build  a  road  there  would  i-equire  a  large  outlay  f(»r 
bridge's  apd  grading  as  well. 

Mr.  Morley,  engineer  in  charge  of  survey  party  for  the  Atchison,  Topeka  and  Santa 
F6  RuilroAd,  went  over  this  route  from  the  Tulerosa  Pass  a  short  time  before  we 
traversed  it. 

Tbe  principal  difficulty,  then,  in  building  a  wagon-road  from  the  San  Francisco 
plazas  to  Silver  City  is  met  in  the  first  25  miles  from  the  plazas. 

There  is  a  fair  road  from  the  plazas  up  Tiilen)sa  Creek,  which  passes  the  settlement 
at  Old  Fort  Tulerosa,  and  thence,  by  way  of  Tulerosa  Pass,  leads  to  San  Augustin  plain, 
and  gives  an  outlet  to  the  Rio  Grande. ' 

The  people  at  the  plazas  believe  a  road  can  be  built  from  the  towns,  keeping  in  the 
foot-hills  to  the  north  and  west  of  the  stream,  aud  coming  upon  it  at  the  upper  end  of 
tbe  meadows  before  referred  to.  In  this  event,  and  probably  without  a  great  outlay 
of  labor,  a  mountain  road  can  be  constructed  fro^i  the  plazas  until  the  good  part  of 
tbe  route  is  reached  below  Whitewater  Creek,  whence  there  is  a  good  road  to  Silver 
City. 

Springerville,  Ariz.,  on  the  Little  Colorado,  should  be  connected  with  Silver  City, 
New  Mexico,  by  road.  The  road  from  Springerville  to  Hush  Valley,  being  direct,  would 
be  utilized  as  far  as  tbe  pass  of  the  Escudilla  Range,  and  probably  as  far  as  Bush 
Valley.  From  this  place  we  tried  to  find  a  route  by  following  the  drain  of  tbe  San 
Francisco  and  found  it  impracticable.  A  more  direct  route  would  bo  through  the  hills 
directly  south  from  Bush  Valley.  It  would  ]>robably  have  to  pass  to  the  southwest  of 
the  San  Francisco  mesas  and  reach  the  San  Francisco  at  tbe  meadows. 

Had  opportunity  permitted  1  should  have  gone  over  tbis  route  also;  but  the  drain 
of  tbe  San  Francisco  was  selected  as  probably  tbe  most  feasible.  It  is  probable  that, 
whether  assisted  by  tbe  government  or  not,  the  people  of  tbe  country  will  couetracta 
road  somewhere  in  the  vicinity  of  this  indicated  route  within  a  few  years. 

From  Duck  Creek,  instead  of  following  tbe  wagon-road  to  Silver  City  by  Mangas 
Springs  (known  to  be  good),  we  took  the  trail  passing  by  the  north  of  Bear  Peak. 
We  crossed  the  Gila  about  five  miles  above  Old  Fort  West,  where  there  is  a  thriv- 
ing funning  settlement  called  "Upper  Gila."  The  river  above  breaks  out  from  a 
rocky  gateway,  in  sights  in  the  Diablo  Mountain,  and  here  flowing  through  the  open 
country  is  a  rapid  stream  about  25  feet  wide  and  12  or  15  inches  deep.  From  the  Gila, 
until  the  old  saw-mill  at  the  bead  of  Bear  Creek  and  near  to  Bear  Peak  was  reached, 
we  bad  a  rough  trail ;  thence  to  Silver  City  a  well-traveled  wood  road. 

On  the  30th  of  October  we  reached  Fort  Bayard,  and  joined  the  remainder  of  tbe 
party  at  Apache  Tejo  two  days  later.  The  result  of  our  observations  up  to  this  time 
showed  (1)  that  a  good  wagon-road  already  exists  from  Fest's  Ferry  by  way  of  CaQafta 
Alamosa,  Ojo  Caliente,  Luera,  and  Enciuosa  Springs,  and  the  Burnt  Fork,  to  Satut 
John's,  on  the  Little  Colorado;  (2)  that  a  railroad  could  readily  be  coustruoteU  over 
or  contiguous  to  this  route ;  (3)  that  if  the  course  ctf  the  Rio  Grande  were  adhered  to  in 
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pasfting  north  from  £1  Paso  it  might  be  possible  to  somewhat  shorten  the  total  distance 
between  El  Paso  and  Saint  John's  (over  the  way  by  Fest's)  by  constructing  the  desired 
roail  by  way  of  the  head  of  the  Cnohillo  Negro,  and  tbence  joining  the  first  in  the  San 
Augnstin  plain;  (4)  that  the  vicinity  of  the  Tnlerosa  PasM  offers  no  good  passage  to 
the  Little  Colorado  for  either  a  wagon  or  rail  road;  (5)  that  to  connect  Springerville 
with  Silver  City  by  direct  route  will  be  difficult,  and  at  best  it  will  be  a  mountain 
wagon-road ;  and  (G)  that  between  these  two  routes  the  country  is  so  broken — there 
lieiug  the  Minibres,  the  Mogollon,  the  Diablo,  tbe  Tulerosa,  and  the  Escudilla-Datil 
Mountains — that  it  is  considered  impracticable  to  construct  a  route  in  the  direction  de- 
sired, namely,  in  the  northwest  and  southeast  direction,  for  this  direction  cuts  across 
these  ranges. 

The  usual  observations  were  made  on  this  trip,  a  continnous  meander  line  rnn,  topo- 
graphical notes  taken,  the  nieasureuients  being  made  by  odometer.  Cistern-barome- 
ter ol>H^rvations  were  made  as  far  as  Encinosa  Spring ;  after  that,  the  cistern  being  out 
of  order,  the  altitudes  depend  upon  anen>id  readings.  Adjacent  to  that  portion  of  onr 
ronte  within  the  limits  of  atlas-sht-et  ti4  A,  i.  e.  abont  tbe  San  Augnstin  plain,  a 
number  of  topographical  stations  were  occupied.  From  San  Francisco  Plaza,  Eagle 
Peaik  was  occupied  as  a  main  triangulation  station  on  the  23d  of  October.  Tbe  princi- 
pal points  sighted  were  Madalena,  San  Mateo  Cook's  and  Thomas  Peak  (of  the  White 
Monn  tains).  The  three  first  made  complete  triangles  in  connection  with  Maxson's  work 
of  1877,  and  Nell's  occupancy  of  Cook's  Peak,  current  year. 

MR.  NELL'S  PARTY. 

During  our  absence  on  this  trip,  Mr.  Nell,  with  his  party,  had  been  steadily  work- 
ing in  the  country  proposed.  He  had  surveyed  the  country  between  the  ridge  of  the 
Mimbre s  and  the  Rio  Grande,  from  the  Cuchillo  Negro  south  to  the  road  from  Mesilla 
to  Old  Fort  Cummings,  as  well  as  the  vicinity  of  Cook's  Peak,  Hot  Springs,  and  Apache 
Tejo  to  Fort  Bayard.  About  twenty-five  judiciously  selected  topographical  stations 
tions  had  been  occupied ;  the  courses  of  the  Cuchillo  Negro,  AiToyo  Seco,  Animas, 
Perches, and  other  streams  from  the  eastern  slope  of  the  Mimbres  meandered;  tbe 
Rio  Grande  gauged  at  Palomos  and  Fort  Selden,  its  course  meandered  as  far  wmth  as 
Mesilla  :  the  important  roads  of  tbe  country  meandered ;  the  mines  at  Hillsborough  and 
in  Cook's  range  located  ;  a  base-line  about  5  miles  in  length,  located  at  Apache  Tejo 
to  connect  with  the  astronomical  monument  established  at  Fort  Bayard,  10  miles 
distant,  and  several  of  the  development  stations  occupied  and  monuments  built  on 
all.  As  located  by  Mr.  Nell,  the  base  lay  nearly  in  a  north  and  south  direction,  the 
middle  point  being  shout  one  half  mile  west  of  the  camp  at  Apache  Tejo.  It  was 
so  laid  out  as  to  be  as  nearly  as  possible  exactly  on  the  line  joiuiug  two  developmeuc 
stations  ;D  and  F),  so  that  with  the  assistance  of  but  two  lateral  points,  the  line  be- 
tween D  and  F,  about  26  miles  in  length,  could  be  determined.  This  line  atlbrded 
at  once  a  base  for  connection  with  Cook's,  Florida,  and  Bear  Peak,  points  embraced 
in  the  main  triangnlation.  The  base-line  passes  over  the  slightly  undulating,  grasHy 
plain  characteristic  of  the  low  lands,  extending  south  toward  the  Mexican  Hue. 
Leveling  showed  the  southern  station  (B)  to  be  298.5  feet  lower  than  (A).  When 
laid  out  the  line  was  marked  by  colored  fiags,200  feet  apart;  two  measurements  were 
made  with  compensated  steel  tape,  at.  an  interval  of  two  weeks,  and  entirely  inde- 
pendent of  each  other,  the  extremitiesof  the  tape-line  being  placed  on  movable  boards; 
the  first  gave  27,265.968  feet,  and  the  second  27,265.920  feet.  The  ends  of  the  base 
were  marked  by  npright  poles, :{  to  4  inches  in  diameter,  about  12  feet  high.  Dur- 
ing the  months  of  October  and  November  the  country  around  Fort  Bayard  was 
menaced  by  Indians,  and  several  mnrders  occurred  which  were  attributed  to  them, 
and  numerous  instances  of  horse-stealing.  The  vicinity  of  the  Florida  Mountains 
having,  on  previous  occasions,  been  made  a  rendezvous  by  the  Indians,  was  con- 
sidered dangerous  for  small  parties  to  enter.  Having  iuformation  from  Captaiu  Beyer, 
the  commanding  officer  at  Fort  Bayard,  that  a  scouting  party  would  be  sent  to  the 
Florida  and  the  Hatchet  Mountains,  I  determined  to  accompany  the  command,  as  far 
as  possible,  on  this  trip.  Atlas  sheet  90  A,  a  portion  of  which  is  cut  off  on  the  south 
by  Old  Mexico,  was  surveyed  from  the  eastern  slope  of  the  Florida  to  its  western  line, 
and  in  addition  the  northern  portion  of  the  Hatchet  Range,  the  eastern  slope  of  the 
Las  Animas  range,  and  a  strip  of  country  in  the  eastern  part  of  H9  B.  The  party  left 
Apache  Tejo  for  this  trip  on  the  5th  of  November,  joined  Captaiu  Beyer's  comuiand 
that  same  evening  at  Hot  Springs,  and  remained  with  it  until  the  15th,  when  we  had 
reached  the  Hatchet  Mountains.  The  route  of  the  party  was  from  Apache  Tejo  to 
Fort  Cummings,  over  the  stage-road.  Two  days'  detention  was  caused  at  Fort  Cam- 
mings  by  a  heavy  rain-storm.  From  this  place  a  route  was  taken  (with  a  by-road  only 
for  a  few  miles)  across  the  valley  of  the  Mimbres,  (here  dry)  to  the  Black  Rock  Tanks 
at  the  north  end  of  ,the  Floridas,  failing  to  find  lake-water  as  had  been  anticipated, 
in  the  bed  of  the  Mimbres.  Meanders  were  rnn  along  tbe  foot  of  the  slope  on  either 
aide  of  the  Floridas,  and  fonr  points. in  the  range  occupied.    From  Las  Tiniyas,  near 
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the  south  end  of  the  ran^e,  we  crossed  a  low  flat  valley,  that  has  heen  supposed  hy 
many  to  he  the  hed  of  the  Mirahres,  into  the  Tres  Hernianas,  and  thence  crossed  an- 
other valley  west  to  Carrizillo  Spring,  on  the  old  road  south  fn>m  Carrizillo  Spring 
into  Mexico.  Ohservations  were  made  at  the  Mexican  boundary  monnnient,  four  and 
one-eighth  miles  south  of  the  spring,  so  that  our  work  can  l>e  connected  with  that  of 
the  boundary  survey.  From  Carrizillo  Spring  Mr.  Nell,  with  a  small  parry,  returneil 
to  Apache  Tejo  over  the  wagon-road,  and,  arriving  several  days  before  "the  rfsi-<»f 
the  party,  mmie  the  second  measurement  of  the  base  with  the  resnlt  given  al>ove. 

From  Carrizillo  Springs  Hatchet  Peak  was  made  the  objt-crive  point  for  the  rest  of 
the  party.  We  proceeded  along  the  main  road,  and  crossed  the  right  angle  of  the  ter- 
ritory of  old  Mexico,  there  made  by  the  boundary  line,  to  the  east  slope  of  the  Hatchet 
Mountains;  thence,  after  occup.ving  tbe  peak,  followed  the  road  to  the  Eureka  mining 
district,  to  Carrizillo  Spring  and  to  Apache  Tejo. 

November  2iJd,  the  base  work  being  completed,  Mr.  Nell,  with  a  portion  of  the  party, 
took  route  up  to  the  basin  of  the  Mimbres  to  its  head,  and  afterwards  compl«;ted  the 
survey  of  the  branches  of  the  Gila  within  our  area.  The  course  of  the  Gila  was  fol- 
lowed from  tbe  mouth  of  Agate  Creek  to  about  the  mouth  of  Black  River,  and  thence 
the  trail  to  the  Sapillo.  From  the  Sapillo  to  near  Pinos  Altos  they  had  a  dim  trail 
through  the  Diablo  Mountains,  arriving  at  Fort  Bayard  December?.  Meantime  Mr. 
Gillette  finished  the  topography  about  Pinos  Altos  and  Georgetown  and  intermediate, 
embracing  there  the  southern  slope  of  Diablo  Mountains  to  the  summit,  innnttf  of 
which  were  occupied.  A  portion  ot  tbe  time  I  was  engaged  in  obtaining  staristics  of 
mining  operations  in  the  vicinity.  Mr.  Lyon  started  east  fnmi  Fort  itayard  Noveralwr 
'25,  Mr.  Gillette  and  Mr.  Schleicher  December  6,  and  on  December  9  Mr.  Nell,  Mr.  Han- 
son, and  myself,  the  party  having  been  disbanded  December  6  to  8,  in  accordance  with 
your  instructions.  Much  of  the  miuutiie  of  our  work,  including  the  mete<»ndogic.d 
work,  the  routes  traversed,  tbe  camps  made,triangulation  and  topographical  stjitionsoc- 
cupied,  with  the  instnimental  work  incident  thereto,  and  tbe  various  detours  to  points 
of  interest,  are  omit  ted  from  t  his  report.  It  is  bel  ieved  that  the  field  and  office  records  and 
tbe  completed  sheets  will  best  elucidate  these  details.  The  survey  of  a  gooil  portion 
of  64  A,  nearly  the  whole  of  84  C,  and  more  than  half  of  the  part  sheet  90  A  was  care- 
fully made,  in  addition  to  the  special  trip  to  the  Little  Colorado. 

SUMMARY. 

The  party  was  in  the  field  12^  days. 

TliH  main  triangubitiiui  stations  occupied  were  as  follows,  viz : 

1.  Eagle  Peak,  near  south  end  Tuierosa  Mountains. 

2.  Cook's  Peak,  highest  point  Cook  Range,  near  old  Fort  Cummings. 

3.  Florida  Peak,  highest  point  Floritla  Range,  near  north  end  range. 

4.  Hatchet  Peak,  highest  point  Hatchet  Range,  near  north  end  range. 

5.  Bear  Peak,  high  point  about  8  miles  north  of  Silver  City. 

The  base  development  stations  were  four  in  number.  Bear  Peak  and  two  of  these 
last-named  staticmn  were  vinlble  from  thn  astronomical  monument  at  Bayard.  The 
)>roper  connection  was  thus  made.  In  occupying  the  main  stations  care  was*  taken  to 
connect  with  Thomps(»n'H  work,  1873,  under  Lieutenant  Hoxie,  Maxsim's  work  under 
Lieutenant  Mc»rrison,  1877,  and  current  year  under  Lieutenant  Griffin,  as  alwo  to  ol*- 
serve  points  to  the  westward  with  a  view  to  connection  with  triangulation  in  Ariznua. 

In  addition  to  the  above,  the  principal  topographical  stations  (which  were  also  either 
secondary  or  tertiary  triangulation  stations)  occupied  were  as  follows : 

No.  3.  Wooded  point,  west  Shaw's  ranch. 

No.  (>.  B«lle  view  Bluff,  near  Barenda  Creek. 

No.  7.  Peak  near  Cuchillo  Negro,  s(mth  of  caflon. 

No.  8.  Peak  in  forks  Cuchillo  Neijro. 

No.  9.  Peak  near  head  Cuchillo  Negro. 

No.  10.  Peak  connecting  divide  near  head  Gila. 

No.  11.  Peak  near  head  Gila. 

No.  12.  Peak  east  slope  Mimbres,  between  Cuchillo  Negro  and  Palomas  Creek. 

No.  13.  Peak  east  slope  Mimbres,  near  Animas  Creek. 

No.  14.  Animas  Peak,  near  Hillslwro*,  north. 

No.  15.  Peak  between  Animas  Peak  and  Hillsboro',  north. 

No.  IG.  Peak  enst  slope  Mimbres  between  Apache  and  Whitewater  Creeks. 

No.  18.  Peak,  main  ridge  Mimbres  near  head  Whitewater  Creek,  (oone  shaped.) 

No.  19.  Signal-rock,  near  Whitewater  Creek. 

No.  20.  Peak,  near  head  Jara  Losa  Creek. 

No.  21.  Roblado  Peak,  near  Fort  Selden,  (north  point.) 

No.  22.  Picacho,  opposite  Las  Cruces,  near  Rio  Grande. 

No.  23.  Peak,  Magdalena  Range,  near  Mason's  ranch,  south. 

No.  24.  Peak,  GocKlsight  Range,  north  of  rojwl  toCunmiings  from  Slccuuoi. 

No.  25.  Peak,  Cook's  Range,  south  of  Cumming^'s  rojMi. 


Digitized  by 


Google 


APPENDIX   0  0.  2225 

No.  27.  Peak  near  Macho  ISpringa,  west. 

No.  28.  Hurricane  Blutt;  on  divide  near  road  Maoho  Springs  to  Brookman'S)  north. 

No.  33.  BLaft  near  Black  Rock  Tanks,  Florida  Range. 

No.  35.  Peak  near  Las  Tineas  (south ),  Florida  Range. 

Ko.  36.  Peak  near  Niggerhead  Spring  (north),  Tres  Hermanas  Mountains. 

No.  37.  Peak  in  range  of  hills  near  Luera  Spring,  east. 

No.  .39.  Peak  highest  point  Horse  Mountains,  north. 

No.  40.  Crater  near  Virgil's  ranch,  Little  Colorado,  Arizona. 

No.  41.  East  Peak,  group  near  Horse  Spring,  south. 

No.  42:  Round  Peak,  cone  divided  between  San  Augostin  plain  and  Qila. 

No.  44.  Rancheria  Peak,  (high),  south  end  Florida  ranges. 

No.  45.  Hill  near  Carrizillo  Spring,  south. 

No.  46.  Cone  in  group  south  from  Cow  Spring,  Carrizillo  road. 

No.  48.  La  Lacha  Peak,  highest  in  Animas  Range,  near  Eureka  mining  district. 

No.  49.  Pinos  Altos  Peak. 

No.  50.  Cone  between  Pinos  Altos  Peak  and  Bear  Peak. 

No.  51.  Black  Peak,  highest  point  Diablo  Mountains. 

No.  52.  Peak  at  Hanover  copper  mine,  north. 

No.  53.  Hendrick's  Peak,  near  Magruder's,  northeast. 

No.  56.  Thanksgiving-day  Peak,  near  head  Miemfores. 

No.  57.  Peak  on  continental  divide,  near  head  Agate  Creek. 

No.  58.  Bluff  at  Gila,  opposite  mouth  Affate  Creek. 

No.  59.  Bluif  at  Gila,  opposite  month  Black  River. 

No.  60.  Bluff  near  trail  between  Qila  and  Sapillo,  west. 

Number  60  was  the  last  station  occupied,  and  number  indicates  the  total  of  topograph- 
ical stations,  in  which  is  included  all  of  the  triangulation  stations  except  three. 

No.  of  monuments  built .*. 32" 

No.  of  bases  measured ■ 1 

No.  of  azimuths  determined 1 

No.  of  three-point  stations 184 

No.  of  variation  needles  by  observations  on  Polaris 40 

No.  of  sextant  latitude  stations 34 

No.  of  camps  (main  and  side.) 154 

No.  of  miles  meandered 2,509 

No.  of  meander  stations , 2, 273 

No.  of  miles  traversed  but  not  meandered 990 

No.  of  cistern-barometer  stations 186- 

No.  of  aneroid-barometer  stations 1, 221 

No.  of  mining  localities  visited , 11 

No.  of  hot  or  mineral  springs  visited 7 

Rio  Grande  River  gauged,  times 2 

DESCRIPTION. 

The  north  and  south  tier  of  atlas-sheets  84  A,  84  C,  and  90  A,  embraces  the  country 
immediately  west  of  the  Rio  Grande,  in  Southwestern  New  Mexico,  except  asmallareiik 
north  and  west  of  El  Paso,  from  the  thirty-fourth  degree  of  latitude  (a  little  south  of 
Socorro  on  the  Rio  Grande)  to  the  Mexican  line,  and  extends  west  to  the  meridian  of 
Silver  City. 

The  Rio  Grande  River,  cutting  into  the  two  northern  sheets,  leaves  a  small  part  of 
each  on  its  eastern  side. 

This  country  mav  well  be  remarked  for  the  diversity  of  its  natural  features,  and, 
except  for  the  sandy  belt  .immediately  along  the  Rio -Grande  and  the  lowest  parts  of 
the  San  Augustin  plain,  for  an  almost  entire  absence  of  barren  soil. 

Its  resources  in  grazing  land  and  fine  timber  are  excellent ;  its  mineral  resources 
varied  and  valuable.  Agriculture,  in  common  with  our  Western  territory  where  irri- 
gation is  required,  is  conhued  to  the  immediate  vicinity  of  the  streams.  The  part  that 
can  be  nsed  for  planting  is  very  limited,  since  where  water  is  plentiful  ground  avail- 
able for  irrigation  is  scarce,  and  in  the  plain  country  flowing  streams  are  lacking. 

The  country  is  naturally  divided  as  follows :  Into  the  San  Augustin  plain ;  the  San 
Mateo  and  Mimbres  Ranges,  and  the  country  west  of  this  latter  and  south  of  the  San 
Augustin  plain,  comprising  the  mountain  region;  the  Rio  Grande  slope ;  the  broken 
region  extending  east  from  Cook's  Range  to  the  river  and  embracing  the  Goodsight 
and  Magdalena  mountains ;  while  south  of  these'and  the  mountain  region  a  gener^ly 
open  plain  extends  south  to  the  Mexican  line. ' 

The  San  Augustin  plain,  opening  to  the  northeast,  and  to  which  access  may  be  had 
by  roads  leaving  the  Rio  Grande  at  the  mouth  of  the  Puerco,  at  Alamillo,  at  Socorro, 
at  Fort  Craig,  and  by  the  Cafiada  Alamosa,  lies  partly  in  tne  northern  portion.  It 
will  be  recalled  that  the  Tulcrosa  Fahs  connects  this  plain  with  the  San  Francisco 
Biver  to  the  southwest,  and  the  Mangos  Pass  gives  passage  to  the  Little  Colorado. 
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The  ffToater  part  of  this  plain  is  well  adapted  for  grazing ;  good  water  is  to  be  foand 
only  In  the  springs  in  the  foot-hills  that  snrroand  it,  and  the  supply,  though  limited, 
is  yet  sufficient  to  support  numbers  of  cattle ;  Monica,  Encinosa,  and  Horse  SpriDgs, 
and  the  Cienega  at  ratterson's  each  give  a  copious  supply ;  Pueblo  and  Laera,  now 
weak,  can  be  much  improved  by  digging.  Of  the  first,  all  were  occupied  at  oar  com- 
ing except  Encinosa,  Pueblo,  and  Luera.  A  flat  of  low,  marshy  ground,  very  alka- 
line, exists  where  the  waters  of  the  Cienega.  reach  the  drainage  line  of  the  valley.  I 
found  it  impracticable  to  cross  this  with  animals. 

The  San  Mateo  and  Mimbres  Ranges,  running  generally  parallel  to  the  Rio  Grande, 
leave  an  open  country  some  twenty  miles  across,  sloping  to  the  river  from  their  foot- 
hills. Peaks  of  the  San  Mateo  were  occupied  b^''  Lieut.  Morrison's  party  in  1H77,  and 
that  region,  together  with  the  Rio  Grande  slope  as  far  south  as  to  include  the  CachiUo 
Negro,  will  be  found  described  in  his  report  of  that  season's  work. 

The  Rio  Grande  slope  continues  south  from  the  CucLillo  Negro  until  it  merges  into 
**  the  broken  region ''  south  of  Mule  Spring,  where  is  a  pass  that  separates  the  Mimbres 
and  Cook's  Ranges.  Numerous  streams  have  their  rise  in  the  Mimbres,  and  flow  east- 
wardly  toward  the  river ;  scarcely  any  of  their  waters  reach  it  except  during  tiie  rainy 
seasons.  The  ground  is  of  sedimentary  formation.  A  charactonstic  of  the  lai^er 
streams,  when  clear  of  the  mountain.**,  is  their  channels,  which  are  deep  oats,  with 
almost  vertical  sides  a  hundred  or  more  feet  deep  and  several  hundred  yards  across, 
presenting  insaperable  obstructions  to  road  building  athwart  them.  The  moet  im- 
portant are  Palomas,  Arroyo  Seco,  Animas,  Perchas,  and  Apache.  At  the  moat^  of 
the  Palomas  is  a  Mexican  town  of  the  same  name.  The  recently  established  m  Id  lag 
town  of  Hillsboro  is  on  the  Perchas,  in  the  foot-hills.  Except  this,  only  a  few  setUers 
are  found  away  from  the  river;  a  little  mining  camp  is  on  the  Animas,  about  ten  miks 
-  above  its  mouth,  while  near  the  roa<l  leading  from  Hillsboro  to  Mule  Spring  four  wettlen 
are  established.  • 

The  foot-hills  of  the  Mimbres  are  rqcky  and  steep  ;  a  slide  seems  to  have  occurred, 
which  has  left  a  valley  between  the  main  ridge  and  the  foot-hills,  throa|2^h  which 
latter  the  streams  cut  in  narrow  rocky  caHons.  Good  grazing  is  to  be  had,  which  has 
heretofore  been  principally  devoted  to  sheep. 

The  vicinity  of  the  Rio  Grande  presents  little  of  interest ;  the  Caballo  range,  bare 
and  rocky,  forms  a  barrier  along  the  east  side,  so  that  there  is  no  road  crossing  the 
river  between  Fest's  and  the  ford,  10  miles  above  Selden.  On  the  west  side  a  road  fcTlows 
the  bank,  and  much  of  the  freight  for  Fort  Bayard,  Silver  City,  &c.,  passes  thia  way, 
crossing  from  the  east  side  at  Fcst's  ferry,  and  leaving  the  river  at  Cottonwood 
ranch ;  thence  to  Macho  Spring  the  road  passes  through  an  nndulating  country,  aandj 
near  the  river.  lYom  Macho  Spring  the  road  goes  to  Mnle  Spring,  where  the  right- 
hand  fork  may  be  taken  to  Georgetown  via  Brockman's  Mill,  or  the  left,  which  lea^ 
via  Hot  Spring  to  Fort  Bayard  or  Silver  City.  This  is  the  shortest  practicable  ronte  to 
these  points  from  Socorro.  From  a  little  below  the  mouth  of  the  Animas  a  road  lea& 
to  Hillsboro,  and  thence,  as  before  mentioned,  to  Macho  Spring,  where  it  joins  the 
freight  road;  south  of  this  road  the  vicinity  of  theriverissandy,fewpersons1iving  there. 
Where  the  river  was  gauged  at  Palomas,  September  19, 1878,  the  width  is  465  feet,  and 
the  greatest  depth  only  2.1  feet.  At  Fort  Selden  the  width  is  368  feet  and  the  greater 
deptn  (October  3, 1878)  but  2.2  feet.  It  is  remarkable  for  its  shallowness ;  but  more 
than  this  is  the  fact  that  within  a  couple  of  years  the  river-bed  between  Mesilla  and 
Fort  Bliss  has  been  found  for  a  distance  absolutely  without  running  water.  This  per- 
haps better  than  anything  else  will  indicate  the  sandy  soil  through  which  it  has  to 
struggle,  but  of  course  a  good  portion  of  the  water  of  the  already  shallow  river  is  used 
in  the  irrigation  of  land  about  the  large  towns  of  Mesilla  and  Las  Cruces. 

From  Santa  Barbara  below  Cottonwood  Ranch  a  road  leads  past  Mason's  Ranch  to 
old  Fort  Cummings,  but  the  distance  between  Mason's  ^nd  Cummings  is  withoat 
water. 

At  Mesilla  is  the  junction  of  the  government  telegraph-lines  from  Santa  F^,  fron 
Southern  Arizona,  and  from  Texas  via  Fort  Bliss.  Stage  and  mail  routes  follow  the 
same  directions.  The  western  route,  which  is  the  southern  mail-route  to  the  Paciie 
coast,  leads  to  Fort  Bayard  and  Silver  City ;  thence  across  Southern  Arizona.  Bet  weea 
Mesilla  and  the  Mimbres  River  it  crosses  directly  the  Magdalena,  the  Goodsight,  aod 
the  Cook's  Ranges,  which  are  nearly  parallel. 

The  Magdalena  and  Goodsight  are  low,  dry  ridges,  and  the  country  about  them  and 
intervening  from  the  Rio  Grande  to  Cook's  Range  is  dvj  and  uninteresting.  Near 
the  river  it  is  sandy ;  west  the  grass  is  good,  but  there  is  no  timber,  and  water  is 
exceedingly  scarce.  Slocum's  Station,  or  Mason's,  on  the  road  from  Mesilla,  betwe^ 
Santa  Barbara  and  old  Fort  Cummings,  affords  the  only  permanent  water.  Macho  aad 
Mule  Springs  belong  to  the  drainage  at  the  south  end  of  the  Mimbres  Monotaina. 
Cook's  Range,  so  named  from  the  prominent  peak  which  forms  the  central  figni«,  if 
but  an  extension  to  the  south  of  the  ridge  of  the  Mimbres.  Old  Fort  Cummin^ 
where  there  is  a  splendid  spring,  is  at  the  east  base  of  the  range.  It  has  been  aban- 
doned for  several  years.    Where  the  road  crosses  the  summit  a  mound  of  earth  niarki 
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the  bnrial-place  of  a  party  of  emigrantB,  who  were  sarronnded  and  killed  by  Indiane 
some  years  sioce.  Mines  have  been  located  on  the  sammit  of  the  ridse  aboat  2  miles 
to  the  north  of  the  peak.  The  drainage  from  the  range  is  west  and  south  into  the 
basin  of  the  Mimbres. 

The  mountain  region,  which  will  be  taken  from  the  San  Augostln  plain  sonth  to 
inolnde  the  Santa  Rita  Hills  and  Lione  Mountain,  is  interesting  and  important. 

The  Gila  and  Mimbres  Rivers  head  in  it.  The  first  receives  its  tributaries  from  the 
Mimbres  Mountains  on  the  east  and  the  Mogollon  on  the  west,  and  flows  southwest- 
wardly,  cutting  in  a  deep,  narrow  gorge  the  Diablo  Mountains,  which,  a  little  north  of 
Fort  Bayard,  trend  westwardly  athwart  its  course  and  inclose  the  headwaters  of  the 
river  in  a  mountain  basin,  which  is  troughed  by  deep  precipitous  cations  in  as  many 
different  places  as  there  are  flowing  streams.  The  Continental  divide  northward  from 
Bear  Peak,  near  Silver  City,  makes  a  double  curve.  First  bending  to  the  northeast, 
it  separates  tl^e  Gila  from  the  Mimbres  River,  and  with  the  Mimbres  Mountains 
merses  into  a  single  ridge  of  wooded  hills  that  lie  west  of  Ojo  Caliente.  From  a  north- 
ward direction  there  it  changes  to  the  west  and  passes  in  a  great  curve  around  by  the 
sonth  and  west  of  the  San  Augustin  plain.  A  divide  to  the  Mogollon  Mountains  in- 
closes the  headwaters  of  the  Gila,  while  at  Tnlerosa  Pass  and  at  Mangas  Pass  we  find 
the  main  divide  in  its  course  to  the  north. 

A  grassy,  rolling  country  with  dry  drains  characterizes  the  northern  portion  of  the 
Gila  oasin ;  then  heavily- wooded  country  begins,  with  water-courses  and  deep  callons. 
Except  a  couple  of  ranches  on  the  Sapilfo  there  are  no  settlers  on  the  Gila  or  its  trib- 
utaries above  the  gorge  of  the  Diablo  Mountains.  The  Mimbres  River  heads  about 
latitude  XP  10'  and  flows  nearly  directly  south,  sinking  at  average  water  about  4^ 
miles  below  the  town  of  Mimbres,  on  the  Mesilla  and  Bayard  road.  At  the  crossing 
of  this  road  (November  5)  the  river  was  about  12  feet  wide  and  6  inches  deep.  A  num- 
ber of  settlers  are  located  along  the  river  to  McKnight's  Ranch,  about  30  miles  above 
this  road. 

In  the  southern  part  of  these  mountains  is  a  tract  of  country  about  20  miles  square, 
of  which  Fort  Bayard  is  nearly  the  geographical  center,  which  embraces,  besides  Sil- 
ver City,  Georgetown,  Pinos  AJtos,  L^ne  Mountain,  Santa  Rit«,  and  Upper  Mimbres,  at 
all  of  which  except  Silver  City  mining  interests  predominate.  Extensive  gold,  silver, 
iron,  and  copper  mines  have  been  opened. 

Of  the  plains  lying  between  this  country  and  the  Mexican  line,  I  desire  to  call  at- 
tention to  the  large  extent  of  fine  grazing  land  now  lying  idle  there,  and  to  express, 
as  I  believe,  the  well-founded  hope  that  advancing  population  will  one  day  bring  to 
the  surface  the  underlying  water,  which  will,  in  connection  with  the  fresh- water  li^es 
to  be  found  in  many  places  after  rain,  afibrd  means  for  maintaining  there  large  herds 
of  cattle. 

The  generally  level  or  slightly  rolling  country  is  separated  from  the'Rio  Grande  by 

the  Portrillo  Mountains  (a  low  range  of  hills) ;  and  is  broken  by  the  Florida  and 

.  Tres  Hermanas  Mountains  and  several  low  groups  in  the  western  and  southwestern  part. 

The  drain  of  the  Mimbres  River,  generally  represented  on  maps  as  l>eing  west  of  the 
Floridas  and  between  that  range  and  the  Tres  Hermanas,  passes  instead  oy  the  north 
and  east  of  the  Floridas  toward  Pigeon  Lake  in  old  Mexico. 

After  two  days'  heavy  rain,  when,  in  many  places  on  the  level,  the  ground  was  too 
soft  to  trave  I  over,  we  crossed  the  bed  of  this  river  in  passing  from  Fort  Cummings  to  the 
north  of  the  Floridas,  and  found  it  quite  dry,  and  somewhat  indistinct.  Cistern  ba- 
rometer measurements  showed  this  crossing  to  be  about  50  feet  lower  than  the  lowest 
point  in  the  flat  between  the  Floridas  and  the  Tres  Hermanas.  From  the  summit  of 
Florida  peak,  too,  it  is  quite  easy  to  trace  the  dark  line  of  mesqnite  bushes  that  grow 
most  plentifully  in  the  dry  bed  of  the  river,  and  show  it  passing  to  the  north  of  the 
Floridas.  The  Floridas,  a  short  sharp  ridge  rising  some  2,000  feet  above  the  plain,  form 
a  prominent  land-mark.  There  is  no  timber  on  these  and  very  little  wood ;  water,  too, 
is  found  invery  limited  quantities. 

The  trail  which  was  made  by  Captain  Beyer's  command  will  undoubtedly  remain 
distinct  for  years.  Following  it  from  old  Fort  Cummings,  the  first  water  will  be  found 
at  the  Black  Rock  Tanks;  next  a  seeping  spring  (dry  during  a  part  of  the  year);  then 
about  the  middle  of  the  range  a  spring  about  one- half  mile  west  of  the  direct  trail  is 
to  be  found  flowing  over  white  rocks,  and  where  there  is  at  least  a  little  water  through- 
out the  year.  Again,  in  the  caHon  from  the  southern  to  the  southeastern  high  point  of 
the  range  two  living  springs  are  near  its  head,  and  near  where  it  opens  into  its  first 
valley  running  water  will  l^  found,  in  the  bed  rocks,  in  the  wet  season,  and  water  in 
rook  cavities  at  other  times,  though  I  do  not  think  the  supply  would  warrant  perma- 
nent settlement.  These  waters  are  on  the  eastern  slope.  No  i>ermanent  water  is  Known 
on  the  west  side. 

These  contiguous  sharp  peaks  to  the  southeast,  though  much  lower  than  the  Floridas, 
readily  mark  the  Tres  Hermanas.  West  of  the  peaks  is  a  group  of  hills  of  limited 
extent,  whose  foot-hills  on  the  south*barely  reach  the  Mexican  line.  As  in  the  Floridas, 
*  few  stunted  trees  only  are  growing.    The  trail  leads  to  the  Niggerhead  Spring,  in 
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tlM  midst  of  the  bills,  in  a  oafion  drain iog  to  the  soatb,  the  only  permanent  water 
known  in  the  groan.    In  several  other  places  water  may  be  found  in  holes  after  rain. 

West  of  the  Kio  Grande  oar  routes  into  old  Mexico  lead  south  from  the  vicinity  ot 
Fort  Bay^.  At  Cow  Spring,  some  50  miles  north  of  the  line,  the  road  convergea  from 
from  the  Mesilla  road  at  the  town  of  MimbreHaod  Hot  Spriogs,  and  from  Fort  Bayard 
and  Silver  City,  where  there  is  a  custom-house  officer.  A  little  south  of  Cow  Spring  the 
road  forks ;  that  to  the  left,  and  which  has  been  long  in  use  and  much  traveled,  pasMa 
by  Carrizillo  Spring.  After  raio,  water  may  be  found  near  this  road  in  two  pUftoes 
between  Cow  Spring  and  Carrizillo.  South  from  the  latter  spring  the  road  soon  pamea 
into  old  Mexico. 

The  right-hand  road  has  been  established  withiu  a  few  years,  and  since  the  opening 
of  the  silver  mines  at  Eureka,  south  of  the  mining  camp,  it  crosses  at  an  acute  aoKle 
the  international  line  where  the  latter  runs  north  and  south,  and  Joius  with  the  Carri- 
cillo  road  at  El  ojo  de  los  Mosquitos,  in  old  Mexico. 

The  grade  and  bed  of  both  these  roads  is  good,  and  there  is  little  difference  in  dia- 
tance,  wood  and  water  on  both  being  equally  scarce. 

HOT  SPRINGS. 

Adjacent  to  the  Silver  City  and  Mesilla  road,  where  the  mountain  slopea  merge 
into  the  plains,  is  found  the  Hot  Spring  of  Southwestern  New  Mexico.  It  is  21  milea 
from  Fort  Bayard  by  the  military  road.  There  is  also  a  warm  spring  at  Apache  T^jo, 
and  a  third  one  near  the  first  (a  little  west),  and  a  fourth  in  the  hills  east  of  and  near 
the  Mimbres  River,  some  10  miles  sonth  of  Upper  Mimbres.  The  temperature  of  Hot 
Spring  is  very  high.  The  water  rises  in  a  circular  opening  at  the  summit  of  a  small 
knoll,  which  has  been  formed  by  mineral  deposited  from  the  water  when  it  overflowed 
about  the  spring.  The  same  formation  is  now  going  on  in  the  troughs  which  coudoct 
the  water  from  the  spring.  A  neat  house  is  kept,  with  bath-rooms.  The  curative  prop- 
erties of  the  water  are  said  to  be  great.  The  temperature  of  the  spring  at  Apache 
Te^jo  is  89°,  there  is  a  copious  flow  of  water,  and  when  cooled  the  water  is  excellent 
drinking.  The  temperature  of  the  other  two  springs  is  respectively  nearly  150^  and 
120°.    Both  are  copious. 

During  the  ensuing  summer  the  Atchison,  Topeka  and  Santa  F<S  Railroad  will  be  com- 
pleted to  Las  Vegas,  New  Mexico.  From  that  place  to  Silver  City  the  distance  by 
freight  road,  via  Anton  Chico,  Ponta  del  Agua,  to  the  Rio  Qrande  at  La  Parida ;  thence 
by  Socorro,  Fests  and  Cottonwoods,  and  Macho  and  Hot  Springs,  is  357  miles.  »om 
Las  Vegas  via  Anton  Chico,.Tigeras,  Albuquerque,  Socorro,  &c.,  the  distance  is  30 
miles  greater.  To  Georgetown  by  going  np  the  Mimbres  River  the  distance  is  343 
miles,  or  14  miles  less  than  to  Silver  City.  The  distance  from  Albuquerque  to  Oeorge- 
town  by  this  route  is, 245  miles;  by  the  North  Star  route  (leaving  the  Kio  Grande  at 
Lower  Sabinal)  the  distance  to  Georgetown  is  230  miles,  a  difference  of  16  miles  in  favor 
of  the  latter  route.  This,  however,  is  very  hilly,  and  at  present  impassible  from  wash- 
outs :  and  without  great  additional  expense  it  can  never  be  made  even  a  passable 
freignt  road. 

MINING  INFORMATION. 

The  working  of  the  mines  at  Silver  City,  Pinos  Altos,  Lone  Mountain,  Georgetown, 
and  Hillsboro  was  examined  as  far  as  practicable,  and  the  results  are  submitted  oa 
the  forms  furnished  by  the  office.  Some  general  and  special  infornuition  otherwiae  eol- 
lected  is  given  here.  As  before  staled,  these  towns  (except  Hillsboro)  lie  about  Fort 
Bayard  as  a  center. 

A  general  view  of  this  mining  region  shows  a  central  ridge  of  granite  rook  extend* 
ing  from  Pinos  Altos  in  a  southeasterly  direction  through  Fort  Bayard,  and  contaiaing 
gold  in  seams,  the  direction  of  these  being  generally  perpendicular  to  the  outcrop. 

Near  Fort  Bayard  the  gold  is  found  in  slate  in  very  narrow  quartz  seama,  aa  in  the 
Stuart  and  San  Josd  mines.  At  Pinos  Altos  in  the  granite  rock  the  vein  matter  is 
more  decomposed,  and  the  veins  are  several  feet  thick ;  along  the  west  of  this  is  foand 
slate  with  overlying  limestone,  in  which  the  extension  of  the  gold-bearing  veina  shows 
silver  predominating^  as  shown  in  the  Langston  mine  at  Pinos  Altos  and  some  workings 
at  Central  City. 

Proceeding  further  to  the  west  the  slate  comes  to  the  surface  at  Lone  Mountain  and 
Silver  City,  and  silver  is  found  principally  as  chloride,  in  pockets.  At  the  former 
place  the  formation  is  faulty,  the  slate  is  found  nearly  perpendicular,  and  over  it 
limestoue  with  silver  in  pockets,  while  a  little  to  the  south  of  this  well-defined  veins 
are  found  in  limestone.  The  76  mine  in  Chloride  District  (Silver  City),  owned  by  Mr. 
Bremen,  affords  a  most  interesting  study. 

The  slate  dips  to  the  east  (inclined  about  75<^).  The  deposit  is  found  between  two 
beds  of  slate,  with  pockets  occurring  at  intervals,  and  a  large  amount  of  metal  has 
been  taken  out.  Little  method  has  been  observed  in  the  mining,  but  tunnela  have 
been  run  in  every  direction  between  the  beds,  sometimes  with  good  results  and  t 
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times  witbont.  That  this  body  of  ore  is  connected  witb  a  deeper  deposit,  and  perhaps 
arein,  seems  probable,  and  the  present  effort  of  the  mine-owners  is  to  develop  that  by 
shafts,  and  at  the  same  time  to  prove  or  disprove  the  theory  that  similar  deposits  will 
be  fonnd  between  beds  of  slate  below,  as  has  been  said  to  exist  in  similar  oases. 

Retnming  again  to  the  east  of  the  granite  rock,  the  adjacent  slate  carries  gold; 
next,  limestone  is  fonnd.  An  ontcrop  in  this  has  been  followed  to  some  extent,  bat 
not  sufficiently  to  develop  a  vein.  Cubic  galena  and  other  forms  of  lead,  with  prob- 
ably some  silver,  was  taken  ont.  Next,  to  the  east  of  this,  occur  extensive  deposits  of 
copper  in  carbonate  and  black  oxide,  bnt  also  extensively  red  oxide  as  nearly  pure 
copper,  the  vein-rock  being  apparently  a  soft  feldspathic  rock.  Near  Santa  Rita  an 
abundance  of  iron  ore  occurs  with  the*  copper,  and  alone.  The  old  Hanover  copper 
mine  develops  the  belt  at  the  north,  and  the  Santa  Rita  at  the  south. 

To  the  east,  again,  a  ridge  of  limestone  hills  intervene  to  Georgetown,  where  the 
abrupt  break  to  the  Mimbres  River  uncovers  the  slate  at  the  present  (Georgetown  sil- 
ver mines.  The  dip  of  the  slate  is  Just  the  reverse  of  the  strata  at  Stiver  City.  This 
superficial  veiw  of  this  section  is  given  to  invite  attention  to  the  apparently  syvdmet- 
rical  arrangement  of  the  silTcr  deposits  on  the  fianks  with  reference  to  the  other  met- 
als in  the  center. 

A  geological  description  of  this  heterogeneous  and  ftitrlty  district  (principally  in  a 
▼alley  of  erosion  and  almost  surrounded  by  eruptive  rock)  must  be  left  to  the  careful 
Bcrutiny  of  a  geologist. 

GOLD  MINIXG. 

other  than  the  workings  at  Pinos  Altos  and  Uillsboro,  on  the  Rio  Grande  slope  of 
the  Mimbres  Mountains,  little  is  being  done  at  present.  A  shaft  about  40  feet  deep 
has  been  sunk  at  Central  City,  where  the  surface-rock  is  granite,  on  a  ledge  which 
promised  gold  on  the  surface.  The  present  indications  point  to  silver,  but  the  vein  is 
not  yet  considered  developed.  The  old  San  Jadi  mine  and  the  Stuart  mine,  about  11 
miles  east  of  Bayard,  are  not  being  worked  at  present,  the  seams  having  been  found 
too  small  to  pay  well.  The  San  Jos^  has  been  extensively  worked,  and  is  said  to  have 
paid  well  in  places.  At  the  Stuart  mine  an  interesting  experiment  is  being  conducted 
oy  Mr.  R.  E.  Humphreys,  who  is  working  the  old  dump  by  what  is  daimed  as  a  new 
process. 

The  vein  of  this  mine  is  well  exposed  in  the  shaft,  and  varies-  from  a  mere  seam  to 
a  thickness  of  three  inches.  The  ore  in  the  dump  has  been  exposed  for  several  years. 
It  is  t-aken  by  Mr.  Humphreys,  and  worked  in  ordinary  arrastras ;  the  object  of  his  pro- 
cess being  to  save  the  fine  gold^  a  well-known  source  of  wastage.  This  is  accomplished, 
as  the  work  goes  at  present,  by  att^aching  to  the  revolving  upright  a  double  arm,  from 
which  copper  tubes  about  one-half  inch  in  diameter  and  abont  an  inch  apart  extend 
downward  and  dip  into  the  tube ;  the  tubes  beinj;  coated  with  mercury,  and  eomiuflr 
in  contact  with  almost  every  particle  of  the  fluid,  the  fine  gold  is  amalgamated,  and 
sinks.  Twenty  to  ^25  per  ton  is  claimed  to  be  taken  from  one  dump  that  was  scarcely 
considered  worth  milling. 

Iti  s  perhaps  unfortunate  that  ore  direct  from  the  mine  has  not  been  selected  for  this 
experiment,  as  the  disintegrating  effect  of  the  atmosphere  on  the  dnmp  has  undoubt- 
edly done  much  to  facilitate  the  separation  of  the  gold  (a  well-known  fact). 

In  November  but  one  ordinary  arrastra  was  in  use.  Important  details  of  the  pro- 
cess have  not  been  arranged,  and  cannot  thwefore  be  given. 

SILVER  MININO. 

The  Euteka  silver-mining  district,  in  which  the  first  location  was  made  In  May, 
1877,  lies  twenty-two  miles  north  of  crossing  of  the  Mexican  line,  near  the  west  road 
leading  sonth  from  Cow  Spring,  and  is  about  75  miles  from  Silver  City. 

The  district  was  worked  with  enterprise  for  a  little  more  than  a  year.  In  October, 
1876,  the  only  residents  were  Mexicans — in  all  about  twenty  persons. 

A  small  Mexican  smelter  is  erected  at  the  spring,  three  miles  south  of  the  camp. 
Ore  worth  about  |200  per  ton  was  being  taken  from  the  Bonanza  Hill  near  the  sur- 
face, where  the  country  rock  is  limestone. 

About  a  mile  to  the  north  of  this  is  the  King  mine  and  the  Tilden  lode,  parallel 
▼eins,  and  which  have  been  laid  bare  to  varying  depth  for  several  hundred  feet  along 
the  surface,  and  several  shafts  have  been  snnk.  Selected  ore  (about  two  tons)  taken 
from  the  King  mine  yielded  at  the  rate  of  ^2H6  per  ton. 

The  ores  are  copper,  silver  glance,  and  chloride.  Assays  have  been  made  giving 
eeveral  thousand  dollars  to  the  ton.  Other  specimens  of  glance  are  almost  barren. 
The  rich  ore,  as  is  almost  universal  thronghont  this  region,  occurs  in  bunches. 

A  well  has  been  snnk  in  an  arroyo  near  the  mines,  and  several  adobe  houses  have 
been  built ;  of  which  but  one,  however,  appeared  to  be  occupied. 

In  Silver  City  the  only  mill  running  was  working  on  tailings,  which  paid  better 
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than  the  first  working  of  the  ores — a  fact  well  worthy  of  notice.  A  lead  recently 
opened  by  J.  H.  Miller  &  Co.,  abont  hve  miles  northeast  of  Fort  Bayard,  contaioa  prin- 
cipally lead ;  abont  forty  tons  of  ore  have  been  taken  oat,  bnt  not  yet  worked. 

There  is  galena  and  a  very  friable  black,  yellow,  and  brown  ore.  Specimens  of  the 
black  have  been  fonnd  to  fnse  readily  in  the  heat  of  an  ordinary  fire. 

Orr's  mine,  located  near  the  snmmit  of  Cooke's  Range,  a  few  mUes  to  the  north  of  the 
peak,  contains  also  a  very  large  percentage  of  lead,  and  has  been  nsed  as  a  fiax  at  the 
mills.    Here  is  also  found  an  extensive  deposit  of  tiaor-spar. 

Near  the  head  of  Whitewater  Creek,  on  the  west  slope  of  the  Mogollon  Range,  de- 
posits of  copper  (silver)  glance  have  been  discovered. 

Mr.  McEvers's  Ranch,  some  20  miles  south  of  Hillsboro,  is  another  locality  of  silver. 
Work  done  there,  however,  daring  the  summer  did  not  give  good  resalts. 

There  are  probably  5,000  acres  of  cultivable  land  along  tbe  Mimbres  from  Mo  Knight's 
Ranch  south,  and  fine  crops  of  potatoes  are  raised,  with  grain.  A  scarcity  of  water  is 
sometimes  felt  in  May  and  June,  which  precede  tbe  rainy  season,  belonging  to  the 
months  of  July,  August,  and  September.  This  land,  together  with  the  valley  of  the 
Upper  Gila  (so  called),  near  old  Fort  West,  cultivated  to  its  full  extent,  will  more  than 
fnrnish  staples  for  the  adjoining  country.  Grass  is  abundant  and  need  not  be  calti- 
vated ;  hay  can  be  cut  in  any  desired  quantity  from  the  open  plain.  Brockman's  K^st- 
mill,  on  the  Mimbres,  is  the  only  one  in  this  vicinity.  A  market  for  lumber  wonld 
utilize  the  fine  timber  so  abundant  in  tbe  Burro  and  Diablo  Mountains  and  the  moant- 
ain  basins  of  the  Gila  and  Mimbres  Rivers. 
^  The  advance  eastward  of  the  Southern  Pacific  Railroad,  and  the  contemplated  jane- 
tion  of  the  Atchison,  Topeka  and  Santa  F^  with  it,  will,  it  is  hoped,  soon  open  thia 
country  to  railway  communication,  with  great  increase  of  prosperity. 

COPPER  MINING. 

A  belt  of  coun^try  lying  a  few  miles  to  the  east  of  Fort  Bayard,  and  between  that 
place  and  Georgetown,  is  rich  in  copper.  Iron  is  found  adjacent  to  the  copper  and 
also  with  it. 

The  oldest  mines  are  those  at  Sant^t  Rita,  at  present  owned  by  Messrs.  Caffee,  Moffat, 
and  Dudley  <&  Gill,  of  Denver,  Colo. 

I  am  indebted  to  Mr.  Wm.  M.  Pierson,  agent,  for  the  following  brief  historical  sketch: 

The  deposits  were  known  to  the  Indians  and  surface  worked  by  them.  In  1800  they 
made  them  known  to  Colonel  Corasco,  of  the  garrison  of  Hunnas,  in  Old  Mexico. 
Colonel  Corasco  sold  the  mines  to  Manuel  Elga,  a  merchant  of  Chihuahua,  for  $338,000, 
which  amount  was  borrowed  for  the  purpose  from  Don  Palacio  Garia,  a  banker  of  the 
city  of  Mexico.  Elga  contracted  with  the  Mexican  Government  to  take  all  the  pro- 
dnotion  of  the  mines  at  the  rate  of  5.5  cents  per  pound,  and  repaid  the  amount  bor- 
rowed in  three  years.  In  1828  the  Mexican  Government  (then  a  republic)  isaoed  an 
order  compelling  all  Castilians  to  leave  the  country.  Elga  rented  the  mines  and  went 
to  Spain.  McKnight  iSr  Cusier  were  the  rentees  until  18:^.  then  Sweet  &  Lacost,  of 
San  Antonio,  Texas,  until  18H2,  when  they  were  expelled  by  Federal  troops.  Tbe  mines 
remained  idle  from  that  time  until  1873,  when  they  were  purchased  by  the  preeeBt 
owners  from  the  heirs  of  Manuel  Elga. 

WORKINGS. 

The  ore  was  first  found  in  masses  near  tbe  surface,  and  was  quarried  rather  than 
mined.  Two  of  these  excavations  remain,  one  about  150  feet  square  and  another  100 
feet  square  and  30  feet  deep.  Afterwards  a  shaft  was  sunk  nearly  between  the  two. 
Up  to  1862  it  bad  been  sunk  250  feet,  and  bad  two  series  of  driftings,  one  at  125  fleet 
and  tbe  second  at  250  feet.  Each  series  covers  an  area  of  about  50U  square  feet,  and 
consists  of  a  system  of  galleries  intersecting  each  other  at  right  angles  and  distant 
apart  from  15  to  20  feet. 

In  1873  work  was  recommenced.  Six  months  were  required  to  exbanst  the  water 
from  the  mine.  A  fifteen-horse-power  engine  was  used.  This  has  since  been  replaeed 
by  one  of  double  the  capacity,  and  the  latter  is  now  at  the  works.  After  exhauatiog 
the  water  the  shaft  was  sunk  50  feet,  but  without  drifting.  After  working  abont  a 
year  tbe  present  company  ceased  work,  owing  to  the  low  price  of  copper  and  the  diffi- 
culty of  transporting  it  from  Santa  Rita  to  market.  The  mine  has  since  rapidly  filled 
with  water.  The  present  owners  have  also  erected  a  fine  Swansea  furnace  at  a  ooat  of 
$10,000.  The  dimensions  of  the  furnace  are  11  by  20  feet,  and  has  a  capacity  to  rednee 
ten  tons  in  twenty-four  hours.  It  has  not  been  used  for  three  years,  but  remains  in 
good  condition. 

A  controversy  prevails  as  to  the  quantity  of  land  belonging  to  the  grant.  Eleven 
lea^rues  are  claimed. 

The  deposits  of  copper  cover  about  one  square  mile  of  territory,  and  probably  ex- 
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tend  io  a  continaoos  belt  about  two  miles  to  the  north  along  the  east  slope  of  the 
Bayard  Basin  to  the  site  of  the  (old)  Hanover  copper  mine. 

About  half  a  mile  to  the  north  of  the  Santa  Rita  shaft  are  the  Chino  and  Tosemite 
copper  mines,  claimed  by  the  Santa  Rita  Company,  but  they  are  held  and  have  been 
worked  by  other  parties.    They  were  extensively  worked  by  Messrs.  Magmder  &  Fest^. 
but  work  ceased  in  1876  owing  to  the  depreciation  of  copper. 

The  Hanover  mine  above  mentioned  has  not  been  worked  for  a  number  of  years. 
The  superintendent  was  killed  by  lodians,  and  the  settlement  abandoned  in  conse- 
quence. 

Near  the  Santa  Rita  shaft  Mr.  Pierson  has  opened  three  new  prospects.  In  the  first 
a  shaft  6  by  10  feet  has  been  sunk  25  feet  on  a  deposit  of  mineral.  Sixty-five  tons 
have  been  taken  out,  which  assays  show  to  contain  about  70  per  cent,  of  copper  and* 
30  per  cent,  of  iron.  In  the  second  there  is  developed  a  couple  of  sedimentarv  deposits 
of  copper,  one  11  feet  wide  by  2  thick,  the  other  9  feet  wide  by  15  inches  thick.  In  the 
third,  surface  croppings  about  30  feet  square  containing  red  oxide  of  copper,  but 
principally  the  carbonate,  malachite,  and  azurite  in  white  porphjrry,  so  called. 

Red  oxide,  malachite,  azurite,  and  copper  combined  with  iron  (as  oxide)  constitute 
the  principal  forms  in  which  the  copper  occurs  in  all  these  mines,  though  larse  masses 
of  nearly  pure  copper  (native)  have  been  found.  The  native  copper  is  principally  found 
in  continuous  narrow  seams,  in  a  white  rock  that  seems  to  be  nearly  pure  feldspar. 
Beautiful  specimens  of  these  leaves  are  taken  from  the  rook  when  it  is  broken  open. 
The  carbonates  occur  disseminated  through  a  more  friable  but  somewhat  similar 
country  rock.    The  deposits  generally  are  irregular  and  do  not  occur  in  veins. 

Iron  is  found  abundantly  over  an  area  about  one  mile  wide  by  three  in  length,  in- 
tersecting the  copper  ore. 
Very  respectfully, 

Rogers  Birkie,  Jr., 
Lieutenant  of  Ordnanoe,  ExecnHve  Officer. 

Capt  Qko.  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 


Appekdix  F. 


report  of  ueutenant  m.  m.  macomb,  fourth  artillery,  ik  charge  of  party 
no.  2  caupornia  section,  field  seasons  of  1878  and  1879. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington,  D,  C,  September  20, 1879. 
Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  the  parties 
of  the  California  section  under  my  charge  during  the  field  seasons  of  1878-^79. 

executive  report— season  of  1878. 

Leaving  Washington  July  21, 1  proceeded  direct  to  Carson,  Nov.,  where  I  arrived 
July  28th.  Lieutenant  Symons  had  already  nearly  completed  the  organization  of  mv 
party  in  connection  with  that  of  his  own,  and  it  was  ready  for  the  field  August  1, 1878, 
with  the  following  personnel :  Lieutenant  M.  M.  Macomb,  Fourth  Artillery,  executive 
officer  and  field  astronomer ;  J.  C.  Spiller,  topographer ;  J.  H.  Morgan,  meteorologist ; 
J.  B.  Callahan,  odometer  recorder;  Charles  W.  Howell,  chief  packer;  H.  Medlicott 
and  N.  F.  Dow,  assistant  packers ;  Alexis  Bochet,  cook. 

August  2  the  party  was  joined  by  R.  Raycraft,  man  of  all  work,  who  was  employed 
temporarily,  so  that  the  party  could  be  divided  into  two  effective  sections,  one  for 
main  triangulation  and  topography,  the  other  for  meander  work  and  secondary  tri- 
angulation,  as  will  be  subsequently  explained.    Total,  including  myself,  nine  men. 

Onr  transportation  consisted  of  twelve  pack  and  nine  riding  mules,  with  one  bell- 
mare.    Total,  twenty- two  animals. 

The  instrumental  outfit  was  the  same  as  that  usually  allowed  a  party  organized  for 
triangulation  and  topography,  and  needs  no  special  mention. 

The  work  assigned  the  party  was  as  follows :  First,  to  carry  the  triangulation  of  the 
previous  season  far  enongn  westward  to  connect  with  that  carried  out  from  the  Pana- 
mint  base,  as  well  as  joinins:  with  the  scheme  carried  eastward  as  far  as  Austin,  Nov., 
in  1876,  by  Lieutenant  Birnie's  party;  then  movinj;  westward,  to  carry  the  scheme  as 
far  down  into  the  foot-bills  of  the  Sierrns  us  possible,  so  as  to  close  with  tbe  work  pro- 
posed to  be  carried  out  from  Fresno,  Cal. 
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The  area  to  be  worked  op  topoffraphicaUy  lay  directly  sonth  of  that  done  by  ib; 
party  the  previous  season,  and  inoladed  the  soatbern  part  of  atlas  56  B,  and  as  much 
of  atlas-sheet  56  D  as  possible.    See  Progress  Map  of  1879. 

The  season  being  already  far  advanced  it  became  a  matter  of  the  utsnosft  importaoee 
to  complete  as  soon  as  possible  the  work  in  the  high  moantains,  so  as  to  aroid  disaster 
from  the  autumnal  storms.    Hence  the  following  plan  was  adopted  : 

First.  To  move  southward  to  Highland  Peak  (occupied  by  me  in  1H77),  for  the  pur- 
pose of  selecting  and  sighting  points  to  be  brought  into  our  season's  trtanf^latimi. 

Second.  To  separate  into  two  parties ;  one,  under  Mr.  Spiller,  to  carry  the  triangii- 
lation  to  the  south,  as  previously  stated,  forming  a  riet  of  Triangles  between  the  cfut 
of  the  Sierras  and  the  high  peaks  of  the  Wassuok  and  White  Mountains.  The  oiher, 
under  my  personal  supervision,  to  finish  the  topography  in  thesouthem  third  of  alls- 
sheet  56  B,  the  two  parties  to  meet  at  Bridgeport,  Mono  County,  Calif omn,  about 
September  1. 

Third.  Leaving  Bridgeport  during  the  first  part  of  September  to  strike  into  aUs- 
sheet  56  D,  carrying  the  triangulation  entirely  •across  it  and  down  into  the  fooVhtlli 
of  the  western  slope  of  the  Sieriras. 

^y  arrangement  with  Lieutenant  Randolph,  qnartwmsst^r  of  the  surve^y,  Boppliesfv 
two  months  were  to  meet  us  at  Bridgeport,  for  one monthat Mariposa,  and  'formiotblr 
at  Sottota,  California,  if  needed. 

Accordingly,  August  1,  the  party  left  Carsoa,  passhig  vouth  throo^  the  Oaim 
Yalley,  and  camped  August  3  on  Dixie  Creek,  near  Highland  Peak.  The  Mmte  wis 
so  chosen  as  to  p^mit  the  Survey  of  toads  nnd  trails  not  'meatuderied  the  ^fireviOB 
aelMon. 

Highland  Peak  was  successfully  occupied  on  the  4th,  and  on  the  neztdsy  we  dtrtded 
our  forces  as  follows:  The  side  party  for  tpangulation  consisted  ^f  Mr.  Bpiller  in 
charge;  Mr.  Morgan,  meteorologist,  with  Medlicott  and  Ray  craft  as  packers,  the 
transportation  being  fotir  riding  and  four  pack  animals.  As  this  party  would  have  to 
make  long  and  rapid  marches,  only  those  articles  absolutely  necessary  we««  takMi,  tlw 
great  bulk  of  the  baggage  remaining  with  the  main  party.  Each  -section  took  t 
month's  rations.  It  is  worthy  of  remark  that  the  above  organization  is  all  that  oouM 
be  desired  for  a  quickly-moving  party,  specially  destined  to  to  carry  on  triangnlatioo 
over  a  rough  mountain  country  during  a  field  season  of  four  or  five  montha.  Tbt 
number  of  men,  four,  is  fully  large  enough  to>  do  what  is  required,  and  yet  oouM 
hardly  be  diminished  for  any  length  of  time  without  throwing  too  much  apon  indi- 
vidual members.  The  triangulator,  having  an  intelligent  assistant,  who  records  and 
takes  the  necessary  barometric  readings,  is  enabled  to  devote  his  whole  time  and  at- 
tention to  his  sketches  and  observations,  and  can  in  a  given  period  aooomplteh  Ae 
largest  possible  amount  'of  gnod,  accurate  work.  With  two  reliable  <«en  to  cook, 
pack,  and  look  after  the  animals,  the  triangulator  and  his  assistant  have  opportani- 
ties  to  leave  the  ordinary  route  and  study  the  country  by  side  reconnaissances.  More- 
over, one  man  may  be  always  left  in  camp  while  the  other  assists  on  the  peak  In  eai^ 
rying  the  instrument,  building  the  monument,  &c.  A  party  thus  organized  conld  woik 
rapidly  and  economicnlly,  without  being  overworked,  and  could  collect  the  best  data 
obtainable  with  a  ten-second  transit  and  a  mountain  barometer. 

The  triangulation  party  being  fairly  started,  I  moved  up  Wolf  Creek  and  over  its 
divide  into  Hermit  Valley  on  the  Mokelnmne.  From  Hermit  Valley  the  Big  Tree  road 
was  surveyed  to  Blood's  toll-house,  connecting  here  with  a  meander  run  by  me  Unb 
previous  season  from  the  Big  Tree  Grove.  After  occupying  a  couple  of  topojtraphieal 
Stations,  the  Big  Tree  road  was  followed  to  Big  Meadow  Creek  and  here  ^we  tnroed  to 
the  light,  running  a  meander  over  a  stock  road  as  far  as  the  mining  village  of  Wait 
Point  near  the  west  edge  of  our  area.  From  this  point  we  traveled  northward  ontil 
the  Antelope  and  Pine  Grove  turnpike  was  reached,  which  was  surveyed  to  its  jUM)- 
tion  with  the  Amador  road  at  Antelope  Springs.  The  Amador  road  was  now»  aarvey«d 
up  to  Tragedy  Springs,  connecting  here  with  the  work  of  1877.  Returning  to  Antetope 
Spring  the  meander  was  continued  to  Volcano  and  thence  back  to  West  Point.  Goiag 
South  from  this  village  we  passed  through  Railroad  Flat,  and  then  moved  southeast* 
wardly  over  a  roi^h  mountain  road  until  the  Big  Tree  road  was  interseetednear  I>aB> 
bar's  sawmill,  now  abandoned. . 

The  roads  and  trails  in  the  vicinity  of  the  Calaveras  and  South  Groves  of  big  t««es 
were  surveyed,  after  which  the  party  proceeded  to  Sonora,  via  Murphy's,  Dooglaa  Flat 
Vallecito  and  Columbia,  all  mming  villages.  From  Sonora  the  Mono  road  was  §ok' 
lowed  to  Strawberry  Flat  on  the  Stanislaus  and  beyond  as  far  as  Niagara  Creek,  thus 
giving  a  complete  survey  of  this  celebrated  route  between  the  western  foot-hiUs  and 
the  Aurora  and  Bodie  mining  districts.  Owing  to  the  recent  rich  developments  at 
Bodie  everything  looked  cheerful  and  busy  alon^  the  route,  and  the  through  line  ol 
stages  put  on  during  the  summer  was  doing  a  thriving  business. 

The  time  between  August  20  and  September  2  was  spent  in  finishing  the  topogtmpby 
of  the  block  of  country  lying  south  of  the  Sonora  and  Mono  road  and  north  of  the 
old  "  Relief  "  Trail.    Castle  Rook,  Grizzly  Peak,  and  four  other  points  were  occupied  for 
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topography  and  the  Relief  Trail  meandered  from  Strawberry  to  Leavitt's  across  the 
mountains. 

September  2,  found  me  in  Bridgeport,  but,  as  the  other  party  was  not  yet  in,  I  occupied 
for  topography  Buckeye  Peak  and  a  point  to  the  north,  both  prominent  points  in  the 
montains  west  of  Bridgeport . 

On  my  return  I  found  that  the  other  party  had  arrived  after  a  remarkably  success- 
fdl  trip,  a  very  satisfactory  set  of  observations  having  been  obtained. 

After  our  separation  on  August  4,  Mr.  Spiller  proceeded  by  the  most  direct  route  to 
Cory's  Peak,  and  completed  his  work  from  this  station  August  10.  This  peak  is  oue  of 
the  points  in  the  scheme  of  triangulation  being  carried  across  the  interior  by  the  Coast 
Survey.  Their  station  was  not  made  on  the  summit,  but  at  a  more  convenient  spot 
to  one  side. 

The  next  point  visited  was  McBride's  Peak,  the  most  prominent  northern  point  of 
the  White  Mountain  range,  and  after  that  White  Mountain  Peak,  the  highest  point 
visited  during  the  season.  A  high  point  of  the  Sierra  Nevada,  near  Mount  Abbott,  was. 
also  selected  and  occupied,  and  finally,  September  2,  the  mission  of  the  side  party  was 
Completed  by  the  occupation  of  Mount  Dana,  north  of  the  well-known  Bloody  Cation 
trail. 

On  meeting  at  Bridgeport  we  decided  that  it  would  be  necessary  to  reoccupySonora 
Peak.  This  was  done  by  Mr.  Spiller  September  10.  Meantime  I  made  a  trip  from 
Bridgeport  down  the  East  Walker  to  Hoye's  store,  on  the  West  Walker,  and  retui'ned 
by  the  calion  of  that  stream,  surveying  the  new  road  then  being  built  from  Colevill© 
to  the  Mono  road.  Septem ber  12  we  left  Bridgeport  and  prepared  to  take  up  the  moun- 
tain work  and  topography  of  Sheet  56  D.  We  ascended  the  valley  of  Vti^inia  Creek 
"itaid  camped  near  its  head,  for  the  purpose  of  occupying  what  is  locally  called  Castle 
Peak,  but  which  we  named  Dnnderberg,  after  the  mines  of  that  name  upon  its  norih- 
«rly  slope,  desirinc  to  ayoid  duplicating  the  name  which  we  bad  already  given  to  the 
•castellated  volcanic  mass  north  of  the  Central  Pacific  Railroad  near  Summit  Station. 

Owing  to  bad  weather  we  w«re  detained  in  the  neighborhood  of  this  peak  until  Sep- 
1;ember  19  before  we  finally  completed  our  observations.  During  this  time  snow  fell 
tiearly  every  day.  Previously  we  had  been  remarkably  fortunate  as  t-o  weather,  and 
'had  been  able  to  work  continuously,  but  now  it  seemed  as  if  the  elements  had  deter- 
mined to  combine  against  ns  and  prevent  our  finishing  our  work.  From  this  time  on 
I  determined  to  make  every  effort  to  get  our  main  triangulation  at  least  well  done, 
even  at  the  sacrifice  of  the  topography.  Onr  next  important  m)int  was  Mount  Con- 
■ness,  on  which  we  completed  our  observations  September  24.  From  onr  camp  at  the 
base  of  Mount  Conness  we  moved  to  the  Tuolumne  Meadows,  en  route  to  Mount  Lyell. 
This  we  succeeded  in  ascending  after  a  bard  climb,  only  to  find  all  our  trouble  ren- 
dered fmitlees  by  the  clouds  and  chilling  mists  which  bung  about  the  summit,  abso- 
lutely precluding  the  taking  of  any  angles.  Not  being  able  to  spare  any  time  waiting 
for  better  weather,  we  returned  to  the  Tuolumne  Meadows  acd  completed  our  mean- 
der work  and  made  one  more  topographical  station. 

On  the  29th  it  snowed  nearly  all  day,  but  the  30th  was  clear  enough  for  topograph- 
ical work.  Taking  advantage  of  this  we  made  two  stations  and  moved  camp  to  the 
Cathedral  Meadow  and  the  next  day  occupied  the  highest  one  of  the  Cathedral  Peaks, 
^and  another. 

October  2  and  3  were  spent  upon  Cloud  Rest  and  a  couple  of  minor  points,  and  Oc- 
tober 25  we  entered  the  Yosemite  Valley.  Mr.  Spiller  at  once  took  up  the  survey  of 
the  existing  roads  and  trails,  while  I  prepared  for  a  trip  to  Mount  Lyell,  the  weather 
now  being  favorable  for  its  occuoation.  After  a  hard  day's  work  interrupted  greatly 
by  heavy  winds,  I  at  last  succeeded  in  getting  the  necessary  angles  and  on  the  follow- 
ing day,  by  a  forced  march  of  35  miles,  returned  to  the  valley.  We  now  prepared  to 
make  a  complete  circuit  of  the  valley  by  the  old  Mono  trail  on  either  side,  but  on  the 
14th,  in  camp  on  the  bead  of  Cascade  Creek,  were  overtaken  by  a  heavy  snow-storm, 
which  gave  us  14  inches  of  snow  during  the  day  and  night.  This  made  it  impossible  to 
continue  our  trip,  as  every  blade  of  grass  was  covered  so  as  to  prevent  our  finding  feed 
for  our  animals.  We  were  therefore  obliged  to  return  to  the  valley,  but,  as  it  was 
absolutely  necessary  that  Mounts  Hoffman,  Clark,  and  Merced  should  be  occupied,  Mr. 
Spiller  and  myself  started  out  with  two  men  and  a  few  pack  animals  and  worketl  our 
way  through  the  snow,  which  was  melting  rapidly,  and  succeeded  in  completing  our 
task  on  the  26th. 

Tower  Peak  being  now  the  only  high  point  remaining  to  be  occupied,  I  thought  it 
best  to  attempt  it  at  once.  A  conversation  with  an  old  hunter  in  the  Yosemite  led  me 
to  believe  that  the  peak  might  be  reached  by  following  up  some  oue  of  the  loug  ridges 
running  northeasterly  from  the  Hetch-Hetchy  Valley.  Accordingly  a  main  camp 
was  established  here  and  several  attempts  made* to  find  a  practicable  route.  The  coun- 
try turned  out  more  broken  and  intricate  than  I  expected,  and  the  threatening  nature 
of  the  weather,  combined  with  the  time  of  year,  made  it  unwise  to  attempt  the  topog- 
raphy of  this  desolate  region,  so  that  I  determined  to  withdraw  and  take  up  the  trian- 
gnlation  in  the  western  part  of  onr  area.  On  our  return  from  the  Hetch-Hetohy, 
Wade's  Peak  was  occupied  for  trii^gnlation  and  topography,  the  sorvey  of  the  Conlter- 
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ville  road  completed  from  Hazel  Green  to  the  Valley,  and  that  of  the  Mariposa  road 
finished  as  far  as  Cold  Spring  Station. 

From  Cold  Spring  I  sent  on  to  Mariposa  and  replenished  my  stock  of  rations,  Devil's 
Peak  being  occupied  meantime  for  tnangulation.  I  now  moved  to  the  southeast  cor- 
ner of  onr  area  where  Chiqaito  Peak  was  occupied,  as  well  as  Deadwood,  near  Fresno 
Flat.  This  peak  lies  just  south  of  the  southern  line  of  our  area,  and  was  occupied  to 
assist  in  connectiug  with  the  work  from  the  Fresno  base.  All  the  meander  work  which 
could  be  done  in  the  Fimited  time  at  our  disposal  was  looked  to,  but  it  was  held  sub- 
servient to  the  triaugulation. 

The  28th  of  November,  Thanksgiving,  was  spent  in  Mariposa.  Letters  of  instruc- 
tion received  here  from  you  ordered  me  to  disband  in  Sacramento  not  later  than  the  17th 
of  December.  From  this  time  on,  therefore,  the  work  was  hurried  as  much  as  possible, 
Green  Mountain,  our  most  southerly  point,  beiog  occupied  December  2,  and  Scholtz 
Mountain  December  6,  the  party  returning  to  Mariposa  on  the  7th.  From  this  town 
we  proceeded  noi-th  through  Bear  Valley  to  Coulterville,  and  thence  down  Moccasin 
Creek  to  Culbertson's  on  tne  Big  Oak  Flat  road. 

Moccasin  Peak,  near  here,  was  visited  on  the  10th,  but  we  were  unable  to  take  a 
complete  set  of  angles,  owing  to  heavy  timber  and  misty  weather.  Oa  arriving  at  So- 
nera the  following  day  letters  from  Sacramento  ordered  the  party  in  at  once,  and  ac- 
cordingly the  13th  found  us  at  Milton  on  the  Stockton  «&  Copperopolis  Railroad, 
whence  the  party  was  transported  by  rail  to  Sacramento,  and  there  disbanded  on  the 
14  th  of  December. 

The  party  was  in  the  field  135  days  and  made  in  all  100  camps  The  following  list 
shows  numerically  the  principal  observations  made : 

Number  of  points  occupied  as  primary  triaugulation  stations ^ 

Number  of  points  occupied  as  secondary  triaugulation  stations 14 

Number  of  points  occu)>ied  as  three-point  triaugulation  stations 163 

Number  of  meander  stations 2, 975 

Number  of  miles  meandered - S39 

Number  of  miles  traveled  without  meander 1,493 

Number  of  cistern-barometer  stations...: 216 

Number  of  aneroid-barometer  stations .* 858 

Highest  altitude  reached  (approximate) feet. .  14, 100 

Lowest  altitude  reached  (approximate) feet..         171 

During  the  first  part  of  the  season  the  weather  was  generally  favorable  and  the 
party  worked  very  rapidly,  our  travel  from  August  5  to  September  5  being  over  1,000 
miles. 

I  desire  to  express  my  thanks  to  all  the  members  of  the  party  for  faithful  and  cheer- 
ful performance  of  their  respective  duties  during  the  entire  season,  and  would  espe- 
cially commend  Mr.  Medlicott  for  his  skill  and  daring  in  climbing  mountain  peaks. 

EXECUTIVE  REPORT— SEASON  OF   1879. 

The  field  season  this  year  was  uuusually  short,  it  not  being  possible  to  carry  on  the 
field  work  after  June  30,  owing  to  lack  of  funds.  It  was  possible,  however,  even  in 
the  brief  time  allotted,  to  collect  a  large  number  of  important  data  relating  to  the 
topography  in  atlas-sheet  56  D,  as  well  as  to  complete  the  angular  measurement  of 
the  triangles  having  apices  at  Blue  Mountain  and  Moccasin  Peak,  two  important  pri- 
mary stations  selected  in  187d.  All  tbe  work  to  be  done  was  subsidiary  to  that  assigned 
my  party  in  1878  and  lay  in  the  same  ai-ea. 

Under  your  orders  I  left  Washington  May  5.  with  Mr.  Maxson  as  assistant,  and 
reached  Sacramento  May  VZ.  All  the  members  of  the  party  joined  here  and  the  organ- 
ization was  completed,  so  that  the  entire  party,  meu,  auimals,  and  mat^iel  could  be 
sent  on  the  14th  to  Oakdale,  terminus  of  the  southern  branch  of  the  Stockton  and  Cop- 
peropolis Railroad,  and  the  most  convenient  point  from  which  to  start  onr  season's 
work. 

Arriving  here  late  on  the  evening  of  May  15  we  were  obliged  to  spend  the  16th  in 
determining  the  **  per  mile"  of  the  odometer,  adjusting  instruments,  fitting  aparejos, 
making  up  the  packs,  in  short  taking  all  the  precautions  necessary  to  enable  the  work 
to  be  .carried  from  the  start  to  the  finish  without  unnecessary  delays.  The  organiza- 
tion of  the  party  was  as  follows:  Lieutenant  M.  M.  Macomb.  Fourth  Artillery,  execu- 
tive officer;  F.  O.  Maxson,  topographer;  Corporal  F.  J.  Hill,  Fourteenth  Infantry, 
odometer  recorder;  B.  P.  French  and  Cliarles  W.  Howell,  principal  packers;  Henry 
Sayre,  assistant  packer,  and  Delancy  Willson,  cook ;  total,  seven  men. 

The  transportation  consisted  of  seven  riding  and  nine  pack  animals,  with  one  bell 
mare  and  one  extra  mule ;  total,  eighteen  animals.  We  carried  rations  for  forty-five 
days. 

Owing  to  the  large  amount  of  work  to  be  done  and  our  limited  time  the  party  was 
so  orsrnnized  as  to  admit  of  being  split  into  two  sections,  the  plan  of  operations  l>eing 
as  follows : 

The  party  was  to  work  together  for  about  eight  days  surveying  the  roads  in  the 
plains  and  getting  the  topography  of  the  foothills  in  the  western  part  of  the  area,  tbe 
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presence  of  snow  making  it  nnwise  to  advance  at  once  into  the  high  country  to  the 
east. 

Next,  to  divide  onr  forces,  Mr.  Maxson  with  three  men  was  to  finish  the  important 
topography  left  nndone  the  previoas  season;  while  I,  with  the  remaininfi;  two,  was  to 
complete  the  triangalation  by  the  occupation  of  Moccasin  and  Blue  Peaks,  and,  if  the 
absence  of  snow  permitted,  Tower  Peak  in  the  main  Sierra,  obtaining  at  the  same  time 
all  the  topojrraphical  data  possible. 

Accordingly,  on  the  I7th  of  May  the  field  work  was  begun  by  running  a  line  to  Rob- 
erts' Ferry  on  the  Tuolumne,  just  where  it  leaves  the  western  edge  of  our  area.  The 
ensuing  week  was  occupied  in  meandering  the  roads  between  tne  Tuolumne  on  the 
north  and  Bear  Creek  on  the  south  and  studying  the  topography  of  the  adjacent  foot- 
hills. Mr.  Maxson  and  myself  generally  ran  independent  lines,  one  taking  the  odome- 
ter, the  other  working  by  time  and  three-point  stations.  The  villages  of  Snelling  and 
La  Grange,  Homitos,  Indian  Gulch,  Chinese  Camp,  and  Jacksonville  were  visited  and 
all  the  important  thoroughfares  surveyed,  leaving  only  those  which  we  could  easily 
complete  on  our  home  trip.  The  25th  of  May  found  us  encamped  at  Marshall's  Flat 
near  Moccasin  Peak.  This  point  Mr.  Maxson  and  I  visited  together  and  from  here  I 
pointed  out  to  him  our  principal  stations  of  the  previous  season,  with  which  he  was  to 
connect  his  work,  and  explained  to  him  as  well  as  I  could  the  character  of  the  country 
he  was  about  to  enter.  That  evening  I  furnished  him  with  a  letter  of  instructions  lay- 
ing down  the  camps  and  jnarches  for  each  day  up  to  June  19th,  when  we  were  to  meet 
in  Sonora,  where  I  was  to  receive  definite  ordera  as  to  time  of  stopping  work.  It  was 
of  course  understood  that  Mr.  Maxson  was  to  use  his  own  good  judgment  in  varying 
the  plan  laid  down  for  him,  whenever  swollen  streams,  deep  snow,  or  other  nnforseen 
contingencies  rendered  it  advisable. 

Accordingly,  May  26th  Mr.  Maxson  and  party  broke  camp  at  Marshall's  Flat  and  I 
saw  no  more  of  them  until  onr  rendezvous  at  Sonora. 

The  first  work  done  was  a  survey  by  three-point  stations  of  the  ridge  running  sonth- 
easterly  from  Moccasin  Peak  to  the  Coulterville  road,  camp  being  made  at  Hair's,  two 
miles  above  Conlterville.  Fromhere  the  route  was  by  the  old  Boneyard  road  to  Black's ; 
thence  by  trail  to  Hennessey's  bridge  on  the  Merced ;  then  to  Kite's  Cove,  and  the 
southward  to  Fresno  Flat,  which  was  reached  May  30.  From  this  village  the  route  waa 
over  the  northern  partof  the  newly  constructed  "MaderaandYosemile Turnpike,"  which 
was  carefully  surveyed.  The  next  march  was  to  Chiquito  Meadows,  and  the  Cbiquito 
Joaquin  via  the  old  Long  Valley  trail,  which  was  surveyed  to  the  eastern  edge  of  our 
area.  Several  days  were  spent  in  studying  the  topography  in  this  vicinity,  the  party 
returning  to  Clark's  on  the  6th  of  June. 

The  well-known  old  trail  from  Clark's  to  the  Yosemite  was  then  surveyed,  and  that 
valley  itself  entered  June  9  by  the  Glacier  Point  trail.  Two  days  were  spent  in  care- 
fully determining  by  theodolite  the  altitudes  and  relative  locations  of  all  the  prom- 
inent points  about  the  valley,  and  then,  until  June  15,  the  time  was  occupied  in  gath- 
ering topographical  details  north  of  the  Yosemite. 

The  trail  down  the  Merced  Cafion  to  Hennessey's  was  then  surveyed  and  a  line  run 
over  an  Indian  trail  to  Hazel  Green,  on  the  Big  Oak  Flat  road.  The  survey  of  this 
thorougbfare  to  Culbertson's,  on  Moccasin  Creek,  was  then  made,  connecting  here 
with  our  previous  line  from  Jacksonville,  on  the  Tuolumne.  From  this  village  a  line 
was  run,  via  Kincaid  Flat,  to  Sonora,  which  was  reached  June  19,  thus  completing  the 
plan  of  operations  assigned  Mr.  Maxson's  party  in  May. 

While  this  work  was  in  progress  I  ]>roceeded  with  the  triangulation  and  topography 
from  Moccasin  Peak,  where  1  was  delayed  two  days  on  account  of  bad  weather  and 
heavy  timber  which  had  to  be  cleared  off 

I  then  started  for  Blue  Mountain,  running  time  meanders  over  roads  not  previously 
surveyed,  and  completed  the  triangulation  from  this  point  June  4. 

The  high  Sierra  ap]>eared  so  snowy  that  I  knew  it  wonld  be  impossible  to  reach  the 
summit  of  Tower  Peak  for  perhaps  a  month  to  come,  bat  as  there  was  still  consider- 
able topography  in  that  direction  to  be  studied,  I  hoped  to  be  able  to  gather  some  im- 
portant features  before  our  time  was  up.  1  therefore  returned  to  Sonora  and  followed 
the  Mono  road  as  far  as  Bradford's  sawmill,  where  I  turned  off  to  the  right  and  fol- 
lowed a  stock  trail,  which  brought  us  out  in  Cherry  Valley,  through  which  runs 
Cherry  Creek,  a  large  stream  draiuing  into  the  Tuolumne  from  the  north. 

I  was  delayed  her«  a  couple  of  days  by  rainy  weather,  but  on  the  12th  started  up 
the  ridge  on  the  east  side  of  the  valley,  hoping  to  be  able  to  reacli  some  of  the  minor 
points  southwest  of  Tower  Peak,  if  not  the  peak  itself.  I  was  accompanied  by  Mr. 
Thomas  Richardson,  who  has  a  sheep  range  in  Cherry  Valley  aud  vicinity,  and  who  is 
perfectly  familiar  with  the  rugijed  country  south  of  the  Relief  trail.  After  we  had 
reached  an  altitnde  of  about  8,(XK)  feet  above  sea  level,  the  snow  became  so  deep  asta 
effectually  bar  our  progress.  Seeing  that*  it  would  be  folly  to  attempt  anything  fur- 
ther in  this  direction,!  d^^termiiii^d  to  spend  the  few  days  still  at  mv  disposal  in 
studying  »be  topography  in  the  neighborhood  of  Lakw  Eleanor  aud  the  Hetch-Hetchy 
Valley.    This  work  occupied  me  until  the  18th  of  June,  when  I  started  for  Sonora,. 
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reachiDff  that  town  the  following  day,  and  there  met  the  other  section  of  the  party 
nnder  Mr.  Maxson. 

Instmctions  received  here  from  yon  informed  me  that  it  would  not  he  necessary  to 
reach  Milton,  our  disbanding  point,  before  the  27th  of  June.  This  gave  us  another 
week  in  our  area,  and  this  time  was  profitably  employed  in  meandering  roads  and 
gathering  topographical  det4iils  to  the  fionth  and  west  of  Sonora  and  in  making  a  sec- 
ondary trianguTation  station  on  the  southern  and  highest  point  of  the  Bear  Moantaiii 
Range,  about  six  miles  northeast  of  Copperopolis. 

This  practically  completing  our  field-work,  the  party  was  marched  to  Milton  on  the 
27th,  and  the  following  day  transported  by  rail  to  Sacramento  and  there  disbanded. 
Thus  ended  a  short  bnt  profitable  field  season,  during  which  time  all  the  memben  of 
the  patty  displayed  the  warmest  interest  in  the  work.  Messrs.  French,  Howell,  Sayre, 
and  Willson  more  than  sustained  their  previous  good  reputation  for  steadiness  and 
hard  work,  and  Corporal  Hill,  Fourteenth  Infantry,  was  all  that  could  be  desired  as 
odometer  recorder.  Too  much  praise  cannot  be  accorded  Mr.  Maxson  for  his  unflag- 
ging energy  and  practical  knowledge  of  his  work,  which,  continued,  enabled  hhn  to 
collect  a  vast  amount  of  map  material  in  the  short  time  allowed  us. 

•We  were  in  the  field  forty-two  days,  during  which  time  thirty-two  main  camps  were 
made.  An  inspection  of  the  following  numerical  list  of  principal  observations  taken 
will  show  that  our  average  daily  travel  was  over  34  milies. 

Number  of  main  and  secondary  triangulation  stations ' 3 

Number  of  three-point  stations 154 

Kumber  of  meanoer  stations 2,3i5 

Number  of  variations  determined 36 

Nnmber  of  cistern  barometer  stations 48 

Number  of  aneroid  barometer  stations fSQ 

Number  of  miles  meandered 833 

Number  of  miles  traveled  without  meander 599 

Totalmiles  traveled 1,4K 

TRIANGULATION. 

The  main  points  on  which  our  triangulation  depends,  with  their  altitudes  as  far  as 
determined,  are: 

Highland,  10,956  feet,  main  point  of  Silver  Mountains  near  Silver  Mountain  City, 
California. 

Corv's,  11,326  feet,  main  point  of  the  Wassuck  Mountains  west  of  Walker  Lake, 
Nevada. 

McBride,  13,443  fee^,  most  northern  peak  of  White  Mountains  east  of  Owen's  River, 
California. 

White  Mountain  Peak,  14,200  -f  feet,  highest  peak  of  White  Mountains  east  of 
Owen's  River,  California. 

Morgan's  Peak, feet,  high  point  of  the  Sierras  near  Mount  Abbott,  California. 

Dana, feet,  high  point  north  of  the  Bloody  Caflon  trail. 

Sonora,  11,479  feet,  northeast  of  the  Sonora  Pass,  California,  on  Sonora  and  Moon  road. 

Conness,  12,518  feet,  prominent  granite  peak  northwest  of  Mount  Dana. 

Lyell,  13,191  feet,  culminating  point  of  the  divide  between  the  Merced,  Tnolamne, 
and  San  Joaquin  Basins. 

Hoif man,  10,872  feet,  at  head  of  Yosemite  Creek. 

Clark,  11,295  feet,  most  northerly  peak  of  the  Merced  group. 

Devils',  6,910  feet,  north  of  Cold  Spring  Station,  Mariposa  and  Yosemite  road. 

Chiquito,  8,1.36  feet,  on  ridge  west  of  Chiquito  Joaquin  Creek. 

Deadwood,  4,451  feet,  timbered  point  near  Fresno  Flat,  California. 

Green,  1,352  feet. 

Schultz.  2,275  feet,  west  of  Cathey's  Valley. 

Moccasin,  3,003  feet,  prominent  timbered  point  in  ridge  west  of  Moccasin  Creek. 

Blue,  6,076  feet,  timbered  point  on  ridge  between  South  and  Middle  Forks,  Moke- 
luroneKiver. 

All  these  points,  with  the  exception  of  Blue,  were  occupied  during  the  field  season 
of  1878.  Besides  the  above  points,  a  number  of  others  were  occupied  as  secondary 
stations,  so  that  all  the  topographical  work  of  the  area  visited  is  based  on  an  excel- 
lent scheme  of  triangulation.  From  the  main  and  secondary  stations  an  immense 
number  of  points  were  located  by  cross-sights.  Sights  were  also  taken  to  prominent 
points  of  the  Coast  Range,  such  as  Mount  Diablo,  Mount  Hamilton,  &c.,  so  that  their 
positions  can  be  compute^l.  The  area  iacluded  between  the  exterior  lines  of  our  main 
triangulation  of  187H  is,  roughly,  7,159  square  miles,  and  the  computations  showed  a 
remarkable  degree  of  accuracy  in  the  observations. 

This  work,  it  is  to  be  remembered,  was  done  in  addition  to  a  large  amount  of  topog* 
raphy,  and  too  much  credit  cannot  be  given  to  Mr.  Spiller  for  his  euergy  and  the  inter- 
est  manifested  by  him  in  the  work.  Had  it  not  been  for  his  knowledge  of  the  previous 
work  done  and  his  excellent  judgment  in  selecting  points  to  be  occupied,  the  work 
eould  not  have  been  successfully  completed  within  the  allotted  time. 
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DE8GBIPT1VE  REPORT. 

The  area  examined  for  mapping  dnring  the  seasons  of  lH7d-79  inclades  the  soatbem 
part  of  atlas  sheet  56  B  and  all  of  56  D,  and  is  immediately  sonth  of  the  work  of  1877. 
It  embraces  that  portion  of  the  main  crest  of  the  Sierra  extending^ from  the  Sonora 
Pass  to  Mount  Lyell,  also  the  drainage  basins  of  the  Stanislaus,  Tnolnmne,  Merced, 
and  part  of  the  San  Joaquin  Rivers,  as  well  as  part  of  Fresno,  Chowchilla,  Mariposa, 
and  Bear  Creeks.  The  area  presents  an  immense  variety  of  topographical  featnree, 
from  the  rugged  and  intricate  country  adjacent  the  high  Sierra  to  tue  flat  and  monoto- 
nous expanse  of  the  great  San  Joaquin  Valley. 

Two  of  the  most  remarkable  features — unparalleled,  perhaps,  in  their  way — are  the 
deep  gorges  known  as  the  Yosemite  and  Hetch-Hetchy  Valleys,  of  which  special  men- 
tion is  made  further  on. 

The  great  timber  belt  of  California  runs  directly  across  the  area  examined,  which 
contains  no  less  than  six  groves  of  that  giant  of  American  vegetation^  the  Sequoia 
giganiea.  These  are  the  Calaveras  and  Qreat  Sonth  or  Stanislaus  Groves,  those  of 
Mariposa  and  Fresno,  l>esides  two  of  minor  importance  on  the  Big  Oak  Flat  and  Cool- 
terville  roads,  respectively.  As  we  descend  from  the  belt  of  heavy  timber  we  find 
large  agricnltural  areas  devoted  to  the  cultivation  of  fruit  and  some  grain  in  the  foot- 
hills, and  almost  entirely  to  the  latter  in  the  broad  expanse  of  the  great  valley.  The 
land  not  taken  up  for  agricultural  purposes  is  used  for  grazing  during  the  fall  and 
early  spring,  after  which  great  numbers  of  sheep  and  cattle  find  an  agreeable  change 
of  feed  in  the  meadows  of  the  high  mountain  country. 

The  foot-hill  section  has  for  years  been  the  scene  of  mining  industry  which  has  de- 
veloped numerous  towns,  the  better  known  being  Sonora,  Coulterville,  and  Mariposa. 
Although  these  places  have  perhaps  seen  their  best  days  there  is  still  in  the  foot-hills  a 
vast  amoant  of  wealth  undeveloped  and  a  number  of  mines  and  mills  in  soccessfnl  opera- 
tion. Among  these  latter  is  the  Hite's  Cove  mine,  examined  and  reported  on  by  Mr 
Maxson. 

Y08KMITK   VALLEY. 

This  wonderful  locality  has  already  been  so  minutely  and  accurately  described  in  the 
various  guide-books  now  published  as  to  render  any  lengthy  account  superfluous.  The 
gap  that  we  have  filled  topographically  is  comprised  in  careful  surveys  of  the  throe 
great  roads  into  this  valley  and  of  the  three  important  trails  leading  out  of  it,  namely, 
the  Eagle  Point  trail,  the  Glacier  Point  trail,  and  the  Nevada  Falls  trail,  none  of  which 
have  ever  been  accurately  mapped.  Careful  barometric  determinations  have  been 
made  for  the  altitude  of  the  valley^  and  also  a  series  of  observations  were  taken  to 
obtain  reliable  altitudes  of  all  the  points  of  interest.  Owing  to  the  fact  that  the  final 
computations  have  not  yet  been  completed  it  is  not  possible  to  give  a  full  list  of 
these. 

As  the  observations  were  taken  with  especial  care  it  is  hoped  that  they  will  finally 
settle  all  disputed  points. 

THE  HETCU-HETCHY  VALLEY. 

This  valley  is  worthy  of  especial  remark  as  being  perhaps  the  most  remarkable  fea- 
ture of  the  great  Tuolumne  Cailon.  To  those  who  have  time  to  leave  the  usual  routes 
of  tourist'travel  it  would  -well  be  worth  a  visit.  It  may  be  reached  either  from  Har- 
din's or  Hodgdon's  at  Brouson's  Meadow  on  the  Oak  Flat  and  Yosemite  road  by  very 
good  trails.  The  route  pursued  by  us  was  from  Brooson's  Meadows,  The  fc^owing 
table  gives  the  distances  and  altitudes  along  the  trail : 


I 
Stadon.  Milea. 


Hodj^don's I  0.00 

CroMing,  soatb  fork  Taolamne 1.18 

W*de*«M«iMlow8  51.05 

Crowing,  middle  fork  Tnolamne S.00 

Hog  Ranch 3.00 

The  Cafion i  4.80       4,849     Small  cattle  ranch. 

Cabin,  Hetch-Hetchy  Valley •  5. 21       3, 489     At  foot  of  trail,  west  end  of  valley. 


Remarks. 


FeeL 

4. 506  Stage  station,  Big  Oak  FUt  road. 

4. 163  Fbrd. 

4, 567  Also  called  by  Headowa  now. 

4. 15^  Ford. 

4, 550  Ranch  and  Meadows. 


MUes. 

Hodgdon's  to  Hetch-Hetchy 16.30 

Total— Oak  Flat  to  Hetch-Hetchy  via  Hodgdon's 44.22 

Total— Barnard's  Hotel,  Yosemite,  to  Hetch-Hetch  y 37.65 
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The  trail  from  the  ca&on  on  is  rongh  and  steep,  bnt  perfectly  practicable  for  horses 
and  pack-animals.  Our  barometric  observations  give  3,469  feet  as  the  altitade  of  the 
middle  of  the  valley  above  the  sea,  or  382  feet  below  the  Yosemite.  The  total  length 
of  the  valley  is  only  about  3|  miles. 

While  it  cannot  be  compared  with  the  Yosemite  in  size  or  in  grandeur,  it  perhaps 
more  nearly  resembles  that  valley  than  any  other  known  locality,  and  has  at  least 
sufficient  beauty  and  individuality  to  produce  an  ineffaceable  impression  on  the  ob- 
server. 

The  two  most  striking  features  are  the  great  dome  on  the  south  side  of  the  TaUer, 
rising  some  2,500  feet  above  the  river,  and  the  magnificent  falls  opposite.  Tbeee  falls 
which  pour  over  the  north  wall  of  the  valley  at  about  its  middle  are  in  an  an^le  formed 
by  a  great  buttress  just  to  the  west,  which  recalls  the  El  Capitan  of  the  Yoeemite. 
While  this  water-fall  is  similar  in  position  and  effect  to  the  Yosemite  it  has  not  the 
same  sheer  plunge  which  is  the  remarkable  feature  of  that  fall.  Bnt  to  make  ap  for 
this  it  has  a  much  larger  drainage  basin  which  contains  some  quite  sizeable  lakes 
which  act  as  reservoirs,  so  that  in  volume  and  constancy  at  least  it  is  far  superior.  In 
spring  and  early  autumn  there  is  a  second  fall  which  is  quite  noticeable,  as  it  poun 
over  the  northern  wall  farther  to  the  west.  The  lip  of  this  is  about  1,750  feet  above 
the  Tuolumne,  that  of  the  main  fall  being  2,000  feet.  The  high  granite  bluffs  east  ni 
the  falls  rise  about  3,090  feet  above  the  valley. 

Besides  the  first  trail  described,  two  others  leave  the  valley  north  of  the  river,  one  at 
either  end  of  the  valley ;  that  at  the  west  end  passes  by  a  steep  zigzag  rente  up  a  mass 
of  debris  coming  down  into  the  cafion  from  a  glacial  moraine  above ;  a  ledge  of  rock  on 
this  trail,  about  1,060  feet  above  the  river,  affonls  an  excellent  general  view  of  the  valley; 
the  other,  leading  out  at  the  east  end  of  the  valley  to  a  meadow  known  as  *'  RancSi- 
eria''  and  to  numerous  other  meadows  used  as  sheep  ranges.  The  former  trail  leads 
to  McGilPs  meadows,  and  lake  Eleanor,  thence  to  Cherry  valley  and  on  to  the  Sonora 
and  Mono  road  at  Bradford's  saw- mill.  After  getting  out  of  the  cafion  on  this  route,  by 
following  a  trail  forking  abruptly  to  the  right,  we  reach  in  a  few  miles  a  very  pret^ 
sheet  of  water  on  Hetcn-Hetchy  Creek,  called  Lake  Vernon  by  the  sheep-owners,  on 
whose  range  it  is ;  this  is  the  principal  reservoir  of  the  Hetch-Hetchy  Fall. 

After  leaving  the  Lake  Eleanor  trail  we  conjmence  to  ascend  and' pass  over  a  veiy 
well-marked  moraine,  its  summit  where  we  cross  being  about  2,760  feet  above  the 
Hetch-Hetchy. 

One  interesting  point  which  we  find  in  the  Hetch-Hetchy,  and  not  in  the  Yosemite, 
is  abundant  evidence  of  glacial  action.  The  glacial  polish  is  very  plain  on  the  granite 
rocks  forming  the  bed  of  the  valley  east  of  the  dome,  while  some  hundreds  of  feet 
above,  the  rocks  show  well-marked  horizontal  grooves.  Fine  examples  of  the  same 
agency  occur  in  the  basin  of  Hetch-Hetchy  Falls  Creek,  and  in  those  of  the  streams 
emptying  into  the  east  end  of  the  valley  from  the  northeast.  This  valley  was  first 
brought  to  public  notice  by  the  California  State  geological  survey,  and  is  described 
and  mapped  by  Professor  Wnitney  in  his  '*  Yosemite  Guide  Book." 

CHERRY  VALLEY  AND  LAKE  ELEANOR. 

Cherry  Creek  drains  a  large  area  south  of  the  Relief  trail  and,  in  fact,  is  the  largest 
e  tream  coming  into  the  Tuolumne  from  the  north.  Cherry  Valley  is  a  large  meadow  or 
flat  on  this  creek,  its  general  direction  being  about  north  and  south.  It  is  nearly  three 
miles  in  length  and  varies  from  a  quarter  to  three-quarters  of  a  mile  in  breadth.  It 
contains  a  large  extent  of  fine  grass  and  is  claimed  by  Mr.  Thomas  Richardson,  of 
Oakdale,  and  is  by  him  used  as  a  sheep  range.  When  we  visited  it  in  the  middle  of 
June  we  found  that  even  the  presence  of  large  flocks  of  sheep  had  failed  to  drive  off 
the  numerous  bands  of  deer,  which  the  snow  still  kept  out  of  the  high  mountains. 
An  alkaline  pond  about  a  third  of  a  mile  from  Richardson's  cabin  was  the  nightly 
resort  of  numbers  of  deer.  This  valley  has  also  for  years  been  the  resort  of  grizzly 
and  cinnamon  bear,  and  several  of  the  latter  were  seen  during  our  short  stay.  Two 
fine  specimens  had  been  killed  shortly  before  our  arrival.  Our  barometric  observations 
give  4,615  feet  as  the  altitude  of  this  valley  above  sea-level.  This  locality  is  easily 
reached  by  turning  otif  from  the  Mono  road  just  above  Bradford's  saw-mill,  about  five 
miles  beyond  Xortbrup's.  There  is  a  rough  wagon  road  as  far  as  Hull  Meadows,  now 
Lord's,  and  from  here  on  a  very  fair  trail  much  used  by  sheep  and  cattle  owners.  By 
fording  Cherry  Creek  and  crossing  a  low  gap  in  the  ridge  east  of  it  we  come  to  Lake 
Eleanor,  a  very  pretty  sheet  of  water  about  a  mile  in  length  and  from  half  to  three- 
quarters  of  a  mile  broad.  It  is  fed  by  three  streams,  two  coming  in  at  the  north,  and 
one  at  the  south  end.  This  lake  is  claimed  by  parties  residing  in  Columbia  and  Sonora, 
and  was  by  them  stocked  with  trout  in  the  fall  of  1877.  It  now  contains  a  lam 
number  of  fine  fish.  By  passing  around  the  south  end  of  the  lake  and  fording  toe 
creek  a  trail  will  be  found  about  half  a  mile  above  the  ford,  which  turns  up  the  ridge 
to  the  right.  This  runs  to  McGilPs  meadows,  and  thence  to  the  Hetch-Hetchy  Valley, 
as  mentioned  under  that  head.    Our  observations  made  the  lake  4,630  feet  above  the  s^ 
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THE  RBUEF  TRAIL  FROM  STRAWBERRY  TO  LEA^^TT'8. 

This  trail  is  interesting  as  being  one  of  the  old  emigrant  trails  over  the  Sierra  Nevada. 
It  was  spoken  of  as  a  possible  route  for  a  wagon-road  when  the  Sonoraand  Mono  road 
was  projected,  but  was  rejected  as  too  roagh,  a  better  route  having  been  fonnd  along 
the  middle  fork  of  the  Stanislaus.  The  accompanying  table  gives  the  distances  and 
altitudes  along  this  trail. 


StaUoM. 

a 

;3 

1 

Remarks. 

Strawberry 

1 

Feet. 
5,238 

StAflre  station  Sonora  And  Mono  road. 

Barst  Rock 

9.86 
3.75 

3.09 

3.30 
4.53 
1.70 

2.81 

8.07 
3.08 
1.15 
1.47 

9.86 
13.61 

16.70 

19.90 
34  43 
86.13 

28.94 

37.01 
4a  09 
41.34 
43.71 

9, 157  t 

Trail  to  OooiMr'fl  milk  ranch - 

7.892 
8.816 
9.617 

9.805 

8.183 

7.309 

Cooper's,  a08  mUes  by  left- hand 
trim. 

On  divide  between  Stanislaus  and 
Taolamne  drainage. 

Trail  crosses  west  fork. 

Wood,  water,  and  jrrass. 

Divide  between  Stanislaos  and  Tao- 
lamne. 

Lake  about  one-half  mile  long. 
Two  small  lakes. 

Meadow,  head  of  west  fork   ReUef 

Creek. 
Kear  Jonction  east  and  west  forks  — 
Meadow  on  east  fork  Relief  Creek  . . . 
Divide  between  east  fork  and  Sommit 

VaUey. 
Divide  between  Summit  Valley  and 

fork  west  Walker  River. 
Foot  of  lake 

Ronnd  lakes . 

Head  of  Leavitt's  meadow  ............ 

I^eavitt's 

Horse  ranch  and  stage  station,  Mono 
road. 

ROUTES  OF  COMMUXICATION,  TABLES  OF  DISTANCES,  ETC. 

The  main  routes  examined  by  us  in  1878-'79  were  the  Big  Tree  road,  from  Silver 
Mountain  City  to  Murphy's,  the  Sonora  and  Mono  road,  running  from  Sonora  to  Bridge- 
port, and  the  Bodie  mining  district ;  also  the  three  great  wagon-roads  connecting  the 
foot-hill  towns  with  the  Yosemite  Valley,  and  known,  respectively,  as  the  Big  Oak 
Flat,  the  Coulterville,  and  the  Mariposa  roads ;  also  that  portion  of  the  new  route  to 
the  Yosemite  from  Fresno  Flat  to  Clark's  or  Big  Tree  station,  on  the  Mariposa  road. 

The  western  portion  of  this  route,  between  Madera,  on  the  Southern  Pacific  Rail- 
road, and  Fresno  Flat,  was  not  examined,  as  it  lay  entirely  without  our  area.  Tables 
of  distances  and  altitudes  on  all  these  important  roads  have  been  compiled  to  accom- 
pany your  report  of  this  year. 

CONCLUSION. 

A  great  deal  of  interesting  country  in  and  about  the  Yosemite  and  High  Sierra  is 
not  described,  because  this  has  been  so  well  done  by  Professor  Whitney  and  Mr.  J.  M. 
Hutchings  in  their  respective  guide-books.  Thanks  are  due  to  the  latter  gentleman 
for  kindness  shown  the  party  while  in  the  Yosemite.  I  wish  also  to  tender  my  thanks 
to  Mr.  Conway  and  other  proprietors  of  toll  trails  in  that  valley  for  their  courtesy  in 
extending  us  the  free  use  of  their  trails  while  we  were  obliged  to  use  them  in  the 
course  of  our  work. 

Respectfully  submitted. 

M.  M.  Macomb, 
First  Lieutenant  Fourth  Artillery, 
Capt.  Geo.  M.  Wheeler,  in  charge. 


Appendix  G. 


report  of  lieutenant  h.  n.  ludlow,  third  artillery,  in  charge  of  party  no. 

3,  UTAH    section,  FIELD  SEASON  OF  1878. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  100th  Meridian. 

Waahingtonf  D.  C,  April  4,  1879. 
Sir  :  I  have  the  honor  to  report  on  the  operations  of  party  No.  3,  Utah  section, 
during  the  field  season  of  1878,  as  follows : 

The  party  known  as  special  triangulation  and  topographical  party  consisted  of  H. 
H.  Lndlow,  second  lientenant  Third  Artillery,  executive  officer;   Francis  Klett,  to- 
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pographer  and  aeeistaBt;  William  L.Bailey,  meteorological  observer  and  recorder; 
Jonn  S.  Stewart,  packer ;  and  M.  G.  Brenholtz,  private  Company  E,  Fonrteeuth  In- 
fantry. 

Tour  instroctions  were  to  complete  oertaiu  triangalation  work  near  Austio,  Not.; 
and  then  to  proceed  to  Fxesno,  Cal.,  where  a  base  une  was  to  be  located,  measured, 
and  developed. 

The  personnel  of  the  party  was  completed  at  Ogden,  Utahf  Jaly  24, 1878.  On  Joly 
29  the  party  took  train  for  Battle  Mountain,  Nev.;  thence  traveling  by  pack  to  AiisUxu 

We  reached  Battle  Mountain  about  1  p.  m.,  July  31,  and  made  preparation  for  a 
speedy  departure. 

August  1  found  the  party  under  way,  and  it  reached  Austin  about  5  p.  m.  on  the  5th, 
having  re8t.ed  Sunday,  August  4,  at  Vaughan's  Ranch.  A  stay  of  ten  days  in  oar  camp 
at  Rucker  Corral,  Austin,  Nev.,  gave  opportunity  for  connecting  the  astronomical 
monument  with  the  summit  of  Mount  Prometheus  by  measuring  and  developing  a 
short  auxilliary  base,  and  for  occupying,  besides  the  astronomical  monument  and  the 
ends  of  the  base,  three  auxiliary  stations;  also  to  replace  the  base-line  monuments  in 
Reese  River  Valley,  and  to  reoccupy  Mount  Prometheus,  as  directed  by  your  letter  ol 
instructions.  It  remained  to  occupy  Geneva,  Bunker  Liill,  Poston,  Birohim^s,  Emigrant, 
and  the  bases  in  Reese  River  Valley.  To  do  this  a  trip  of  fifteen  days  had  been  plMiined 
and  the  preparations  were  nearly  ready  when  a  serious  accident  delayed  the  t»arty 
about  a  week.  The  camp  waa  situated  on  the  main  street  of  Austin,  in  the  immr4liate 
vicinity  of  frame  buildings.  It  was  no  more  exposed  than  the  minority  of  the  build* 
ings  on  that  street  which  follows  the  bed  of  a  dry  ravine.  It  was  presamably  a  safe 
place  to  camp,  and  would,  no  doubt,  have  been  quite  secure  in  any  ordinary  storm, 
protected  as  it  was  by  a  strong  stockade  fence.  But  it  proved  to  be  just  the  re  vena 
in  one  of  those  sudden  deluges  of  water  termed  **  cloud  bursts.*' 

About  4  p.  m.,  August  15,  a  dark,  black-looking  cloud  came  up  from  the  sonthvrest. 
A  light  sprinkle  soon  increased  to  a  heavy  shower,  accompanied  by  hail.  Soon  tte 
water  began  to  run  in  the  middle  of  the  street,  and  gradually  increased  to  a  mdhing 
torrent  of  about  2  feet  mid-depth  and  20  feet  breadth.    Presently  the  backwater  be- 

fan  to  come  into  the  yard  in  which  the  camp  was ;  but  no  danger  of  loss  was  appre- 
ended  as  the  storm  seemed  to  have  subsided.  But  suddenly,  and  without  warning, 
a  wave  about  2  feet  higher  than  the  water  below  it,  came  down  the  ravine  with  a 
rush.  It  dashed  a  wood-pile  against  the  fence  corner  and  tore  away  a  portion,  carry- 
ing off  at  the  same  time  nearly  the  whole  outfit  of  the  party.  Five  days  sufficed  to 
make  a  thorough  search  for  missing  articles,  some  of  which  were  found  imbedded  in 
mud  over  two  miles  from  camp,  and  to  get  fairly  started  repairing  the  recovetred 
aparejos,  preparatory  to  moving.  In  the  mean  while  Lieutenant  J^ndolph  arrived 
from  Ogden.  and  brought  a  complete  set  of  meteorological  instruments  to  replace 
those  carried  away.  After  consultation,  it  was  decided  to  send  Mr.  Klett  with  J.  S. 
Stewart,  the  packer,  to  Battle  Mountain,  there  to  refit  the  entire  pack  outfit,  while  I, 
with  the  rest  of  the  party,  should  ^o  down  the  Toyabe  Range  by  wagon  to  finish  the 
Nevada  work.  Mr.  Klett  left  Austin  August  21,  with  six  mules,  taking  all  the  dam- 
aged aparejos.  He  reached  Battle  Mountain  after  three  days  forced  marching,  and. 
the  work  of  repair  went  on.  The  rest  of  the  party  started  the  same  day  (Augnst  21). 
On  the  22d  a  severe  wind  blew  the  cotton  cloth  off  the  base  monument^  in  the  Reese 
River  Valley.  Fortunately  it  was  promptly  reported,  and  they  were  repaired  the 
next  day. 

The  party  moved  (Augnst  25)  to  Kingston  (camp  2)  for  the  occupation  of  Bunker 
Hill,  which  was  accomplished  on  the  26th. 

The  next  camp  was  in  Ophir  Cailon  in  the  heart  of  the  deserted  town,  of  Toyahe 
City.    One  man  only  lived  there,  and  he  only  two  or  three  days  in  the  week. 

The  ascent  of  a  low  peak  near  the  summit  of  the  pass  (Augest  28)  permitted  a  view 
of  Mount  Poston,  about  12  miles  distant.  I  decided  to  cross  to  the  head  of  Reese 
River  and  attempt  Poston  from  that  direction.  Starting  at  1  p.  m.  we  reached  the 
valley  and  the  nearest  ranch  about  dark.  A  side  trip  of  two  days  accomplished  the 
occupation  of  Poston. 

August  31,  camp  was  moved  to  the-month  of  Underdown  Ca&on  (camp  5),  where 
September  1  and  2  were  lost  from  unfavorable  weather,  the  ascent  of  Bircnim's  being 
made  on  the  3d ;  after  which  the  party/returned  to  Austin,  occupying  en  route  Emi- 
grant and  the  ends  of  the  base  with  as  little  delay  as  possible. 

One  day  at  Austin  sufficed  to  replace  lost  mule-shoes  and  to  collect  all  property  left 
there.  Aparejos  had  been  sent  down  by  Mr.  Klett,  and  on  September  9  the  party 
started  for  Battle  Mountain,  which  was  reached  at  8  p.  m.  September  11. 

The  12th  and  13th  witnessed  an  examination  of  the  repaired  outfit.  All  surplns 
stores  were  boxed  and  shipped  to  €)gdeii.  Whatever  was  to  go  with  the  party  was 
likewise  prepared  for  transportation  by  rail,  and  at  7  a.  m.,  September  14,  the  party 
started  for  California. 

On  reaching  Fresno  six  days  were  there  consumed  in  selecting  a  base  line,  in  making 
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and  pnttin^c  np  monnments  at  ends  of  base,  iu  gatheriog  inforn^tioD,  and  in  arranging 
stores  for  (£ipment.  ^ 

The  base  monnments  were  in  shape  triangular  pyramids,  abont  30  feet  high,  the  npper 
22  feet  being  corered  with  white  cotton  cloth.  The  sides  of  the  base  were  abont  15 
feet,  the  greatest  width  of  cloth  abont  11  feet.  A  space  of  4  feet  in  width,  9  feet  from 
the  top,  was  left  bare,  which  rendered  the  monnments  more  easily  recognizable  by  the 
appearaooe  of  the  dark  line  across  each.  The  posts  were  set  3  feet  in  the  eronnd.  The 
base  line  was  located  some  5  miles  east  of  Fresno,  because  of  a  very  thick  haze,  which 
obscured  not  only  the  distant  mountains,  bat  even  the  nearest  foot-hills,  ^e  latter 
being  visible  during  my  stay  of  six  days  only  one  day. 

LiMkving  Fresno  September  27,  the  party  traveled  by  the  ordinary  wagon-road  to 
Centerville,  and  went  into  camp  on  King's  Biver,  abont  2  miles  from  the  latter  place. 
Fowler  Mountain,  a  foot-hill  abont  1,000  feet  higher  than  the  river  bottom,  was 
occupied,  and  an  attempt  was  made  September  30  on  Squaw  Valley  Mountain,  but  it 
was  found  to  be  heavily  wooded,  and,  after  camping  near  it,  September  29  the  party 
moved  back  to  King's  River,  making  camp  abont  10  miles  higher  up  than  before.  Here 
was  occupied  one  of  the  highest  and  sharpest  of  the  near  foot-hills,  called  on  the 
Whitney  map  Tohoetnmne,  but  misnamed  Hazleton  on  the  record  I  left  there.  It  is 
at  the  point  where  King's  River  emerges  from  the  foothills. 

The  next  camp  was  at  Toll  Honse,  which  was  reached  by  traveling  alons  the  lower 
foot-hills  until  the  Fresno  road  was  found ;  thence  along  it.  There  is  a  planinff-mill 
at  this  point,  and  nearly  all  the  lumber  for  Fresno  and  Centerville  comes  through  this 
place.    Burrows  Mountain  was  occupied  in  this  neighborhood. 

The  party  then  moved  to  Behring's  store,  some  seven  miles  nearer  the  high  Sierras, 
in  order  to  procure  an  Indian  guide. 

Bald  Rock  was  occupied  October  10,  and  the  party  moved  toward  Mount  Goddard, 
following  Mr.  Dusey's  wagon  track  as  far  as  his  cabin  on  Dinkey  Creek,  thence  taking 
the  sheep  trail  as  indicated  by  onr  guide. 

The  party  camped  on  the  evening  of  October  12  near  the  base  of  Lookout  Mountain, 
which  was  occupied  for  observation  the  next  day.  An  incomplete  sketch  was  made 
and  a  few  angles  taken,  but  all  points  which  had  been  occupied  were  hidden  by  the 
clouds  below  but  near  us.  This  was  the  highest  point  occupied  in  California  by  the 
party,  the  aneroid  indicating  10,000  feet  above  the  sea. 

It  was  planned  to  occupy  a  point  called  Woodchuck  Peak,  October  14,  but  this  was 
rendered  impossible  by  a  snow-storm ;  and  the  party  was  started  back,  traveling  all 
day  in  the  storm,  and  reaching  Mr.  Dusey's  at  dark.  The  greatest  depth  of  snow  on 
even  ground  was  6  inches.  The  rigging  and  aparejos  were  so  soaked  that  the  ropes 
were  unmanageable,  and  a  day  was  taken  to  get  into  traveling  order. 

Burrows,  Hazleton  (Tohoetnmne),  and  Fowler  were  occupied  on  the  return  trip, 
and  in  addition,  Morrow  and  Sqnaw  Valley  were  taken  among  the  foot-hills,  all  of 
which  occupied  the  party  until  November  1. 

The  party  being  south  of  Kind's  River,  traveled  through  Ash  Spring  toward  Mount 
Silliman.  A  point  was  occupied  November  7  and  H  suppled  to  be  the  Bald  Mountain 
on  Whitney's  map,  but  it  does  not  correspond.  Here  the  lateness  and  inclemency  •f 
the  season  caused  me  to  stop  work  in  the  mountains.  Returning  to  the  base  line, 
'*  Stokes  Mountain,"  a  foot-hill  on  the  county  line,  was  occupied  November  11,  and  the 
party  camped  at  North  Base  November  13. 

The  stores  at  Fresno  went  to  camp  November  16.  On  the  17th  the  preliminary  meas- 
urement of  the  base  line  began.  The  line  was  ranged  out  by  stakes,  every  hundred 
feet  accurately  aligned.  It  was  November  22  when  this  had  been  accomplished.  Then 
followed  the  measurement  proper. 

Comparisons  were  made  before  going  to  work  and  on  onr  return  from  the  line  with 
the  standard  rods  of  the  coast  survey,  which  rods  are  5  feet  lone  at  known  tempera- 
tures marked  upon  the  rods.    Two  of  these  had  been  furnished  the  party. 

A  platform  about  52  feet  long  and  1  foot  wide  was  erected.  Two  steel  knife-edges 
were  prepared  and  screwed  on  this  platform  at  an  approximate  distance  of  50  feet,  the 
edges  being  at  such  a  height  that  tne  exposed  ends  of  the  coast  survey  rods  would 
just  pass  over  them  without  touching.  Tne  rods  were  applied  along  a  straight  line 
drawn  on  the  platform.  The  end  of  the  first  rod  was  carefully  siehted  even  with  a 
kni/e-edge.  The  second  rod  was  then  applied  alouff  the  line,  and  contact  carefully 
made  with  the  one  already  iu  position.  The  first  rod  was  carefully  removed  and  placed 
in  like  manner  beyond  the  second  and  so  on,  nntil  on  the  fifth  application  of  the  sec- 
ond rod  its  exposed  end  projected  slightly  beyond  the  second  knife-edge.  A  square 
wooden  block  placed  on  the  platform  was  moved  into  contact  with  the  projecting  end 
of  the  rod,  which  was  then  removed  and  the  distance  from  the  knife-edge  to  the  block 
was  measured  by  a  3-inch  steel  ruler  subdivided  into  hundredths  of  an  inch.  The 
sighting  in  of  the  first  rod  and  the  reading  of  the  distance  to  the  block  were  both  per- 
formed oy  the  same  person.  The  temperature  was  then  read  and  recorded,  together 
with  the  measured  difierence.    This  op^ation  was  then  repeated,  Mr.  Klett  exchang- 
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ing  plaoee  with  me  and  making  the  a^j  oRtment  and  the  reading  the  second  time.  TUt 
irae  likewise  recorded,  with  the  temperatnre.  The  results  were  then  oompaied,  and  if 
differing  more  than  .03  inch,  both  operations  were  repeated. 

Having  thns  obtained  the  data  for  the  accurate  determination  of  the  distance  be* 
tween  the  knife-edges,  the  steel  ta]^  was  stretched.  BIr.  Klett  held  the  rear  end  of  tbi 
tape  with  the  notch  at  the  first  knife-edge.  An  assistant  stretched  the  tape  at  tiisfor 
ward  end  nntil  the  sprint  was  properly  extended,  while  I,  as  soon  as  notified  of  ^ 
adjustment  of  the  rear  end,  superintended  the  stretching  and  measured  the  differeoBS. 
This  was  recorded  with  the  temperatnre  and  the  operation  repeated^  Mr.  Klett  sad 
myself  changing  places.  As  soon  as  his  reading  had  been  recorded  with  its  tempcn* 
tnre  the  two  were  compared  and  if  they  showed  unreasonable  discrepancy,  both  were 
repeated.  In  these  comparisons  and  in  the  measurement,  no  change  was  niade  in  the 
eompensatiug  apparatus,  it  being  set  at  60^  F. 

Before  commencing  the  measurement  two  iron  pins  were  centered  under  the  mooe- 
ments.  Three  wooden  stools  were  made  about  3  feet  high  with  soft  wood  tops,  sad 
grain,  4  inches  square.  From  the  center  of  each  a  plumb-Bob  hung  for  oentering  then 
on  the  line,  and  on  their  tops  a  pencil  line  was  drawn  to  be  placed  parallel  to  the  lin 
to  be  measured.  A  wire  was  stretched  in  lengths  of  600  feet  along  the  stakes  already 
in  line  under  the  immediate  supervision  of  Mr.  Klett  and  myself.  The  first  stool  wm 
carefully  centered  over  the  starting  pin  and  an  ordinary  pin  driven  in  its  top  direetiy 
over  the  iron  pin.  The  tape  was  roushly  stretched  to  give  the  approximate  distanee: 
the  second  stool  w  a^  placed  accurately  over  the  wire  by  means  of  its  plnmb-bob  aad 
the  line  on  its  top  lirought  as  nearly  as  practicable  in  the  same  vertical  plane  with  tiK 
wire.  The  tape  was  then  carefully  stretched.  Mr.  Klett  adjusted  the  rear  end  aitii 
notch ;  Mr.  Bailey  carried  the  forward  end ;  and  when  properly  stretched,  I  drove  as 
ordinary  pin  in  the  forward  notch  along  the  pencil  line  on  the  stool.  The  tape  wai 
then  brooffht  forward,  the  third  stool  placed  in  position,  and  the  measurement  con- 
tinued by  bringing  up  the  first  stool.  I  placed  all  the  stools  and  drove  all  the  pins  m 
the  direct  measurement. 

On  the  reverse  measurement  Mr.  Klett  and  I  exchanged  duties.  I  took  his  place  tb 
first  day,  after  which  the  adjustment  of  the  rear  end  was  intrusted  to  Mr.  Bailey,  wldk 
I  held  myself  in  readiness  to  occupy  north  base,  which  was  accomplished  Decembers. 
The  base  was  leveled  December  7  and  8,  the  distance  between  rod  stations  being  varied 
according  to  the  nature  of  the  ground. 

South  base  was  partially  occupied  December  6,  and  completed  December  8^  wUle 
Messrs.  Klett  and  Bailey  were  at  work  with  the  level. 

The  astronomical  monument  was  occupied  December  9,  after  the  mules  had  bseo 
shipped  to  Sacramento,  Cal.,  in  charge  of  Stewart  and  Brenboltz. 

1  left  Fresno  December  9  by  the  night  train  and  arrived  in  Sacramento  Deoeaikr 
10,  according  to  instructions,  and  the  labors  of  the  party  ended. 

The  following  are  some  of  the  results  of  the  season's  labors : 

Main  bases  measured 1 

Anxiliarv  bases  measured I 

Triangufation  stations  occupied 16 

Sights  taken l,eW 

Mues  marched - 06 

Camps  made II 

Gistem-barometer  stations 17 

In  conclusion,  let  me  thank  the  members  of  the  party  for  their  hearty  oo-op«ratioa. 
Mr.  Klett  was  invaluable  for  his  many  excellent  suggestions,  especially  with  reforeace 
to  the  measurement  of  the  base.  Miii  Bailey  was  most  remarkable  for  his  zeal  ai^  Iv 
Ms  care  in  performing  all  duties  well. 

Respectfully  submitted. 

H.  H.  Ludlow, 
Second  lAeuknant,  TkhH  ArHlUrg, 

ILient.  George  M.  Wheeler, 

Corp»  of  Engineers,  in  charge. 
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REPORT  OF  A  SPECIAL  ASTRONOMICAL  PARTY  AT  OODEN,  UTAH,   SEASON  OF  1878,  BT 
T.  H.  SAFFORD,  PH.  D.,  ASSISTANT. 

Willi AMSTOWN,  Mass.,  May  7, 1879i 
Sir  :  I  have  the  honor  to  report  my  doings  at  Ogden  during  the  field  season  of  18^. 
I  left  Williamstown  on  July  12, 1878,  for  Ogden,  via  Washington.    On  July  13 1  oMt 
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Miles  Bock,  e8(j.,  at  Philadelphia,  and  made  arrangements  with  him  for  the  simolta- 
neons  observations  to  be  made  by  ns  for  the  longitudes  of  stations  in  New  Mexico  and 
Texas.  I  arrived  at  Washington  Jnly  15,  and  there  made  the  necessary  arrangements 
with  Lient.  S.  £.  Tillman  regarding  instruments  and  other  appurtenances  of  astro- 
nomical work. 

On  July  23  I  arrived  at  Ogden  and  took  charge  of  the  observatory,  where  I  found  a 
transit  instrument  and  chronometers.  Observations  were  made  for  time  on  nearly 
«very  night  for  three  months,  or  until  October  20.  Signals  were  exchanged  on  the 
following  dates : 

July  25,  26, 27,  with  Professor  Newcomb,  U.  8.  N.,  at  Separation,  Wyo. 

July  27,  28,  29,  with  Professor  Harkness,  U.  S.  N.,  at  Creston,  Wyo. 

August  12, 19,  21, 26,  28,  with  John  H.  CUrk,  esq.,  at  Walla  Walla,  Wyo. 
[    September  5, 17,  20,  21,  22,  with  Mr.  Clark,  at  The  Dalles,  Oreg. 

October  5, 6,  7,  8,  10,  with  Mr.  Clark,  at  Fresno,  Cal. 

September  7,  8, 10, 11, 12,  with  Miles  Book,  esq.,  at  Fort  Bliss,  Tex. 

September  26,  27,  30,  October  1,  3,  with  Mr.  Bock,  at  Fort  Bayard,  N.  Mex. 

The  telew^phic  lines  employed  were  in  bad  order  in  the  sections  beyond  the  rail- 
ways, so  that  for  Mr.  Bock's  stations  we  were  compelled  to  have  recourse,  in  part,  to 
the  longer  line  via  San  Francisco  rather  than  to  the  shorter  line  via  Denver. 

The  condition  of  things  was  such  that  I  invariably  observed,  when  weather  per- 
mitted, before  the  time  assigned  for  signals,  as  I  never  knew  whether  the  line  would 
be  ready  for  use  or  not  until  the  telegraph  operator,  Mr.  Henry  O.  Pratt,  came  to  the 
observatory  at  the  stipulated  time.  Mr.  Pratt  was  very  skillful  and  faithful.  I  was 
assisted,  in  copying  and  varions  mechanical  arrangements  while  observing,  by  Sergeant 
Knight,  of  the  Fourteenth  Infantij,  and  on  alternate  nights  by  Mr.  H.  o.  Wallace. 

On  two  nights,  October  19  and  20, 1  observed  with  Mr.  Clark  for  personal  equations. 
I  should  «lflO  have  done  this  on  some  of  the  earlier  evening  of  my  stay  in  Ogden,  in 
July,  but  Mr.  Clark  was  not  of  the  opinion  that  his  observation  then  would  be  normal: 

The  time  observations  on  signal  nights  wero  completely  reduced  in  the  form  adopted 
for  this  survey,  and  transferred  in  that  condition  to  Lieut.  B.  H.  Bandolph,  A.  A.  Q.  M., 
of  the  survey,  when  I  left  the  6eld.    To  this  gentleman  I  am  indebted  for  manv  favors 
during  the  campaign.    I  left  Ogden  October  21,  and  reached  home  November  1. 
I  am,  sir,  very  faithfully,  yours, 

T.  H.  Safford. 

Capt.  G.  M.  Wheeler, 

United  States  Engineers. 
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BBPORT  OF  A  SPECIAL    ASTRONOMICAL    PARTY  OPERATING    IN    CALIFORNIA,  OREOOK, 
AND  WASHINGTON  TERRITORY,  BY  JOHN  H.  CLARK,  ASTRONOBHCAL  ASSISTANT. 

Noble,  111.,  April  30, 1879. 
Sir  :  I  have  the  honor  to  submit  herewith  the  following  notes  respecting  the  astero- 
Domical  stations  occupied  by  me  during  the  field  season  of  1878,  together  with  certain 
details  respecting  the  work : 

ASTRONOMICAL  STATION  AT  WALLA^WALLA,  WASHINGTON  TERRITORY,  1878. 

Geographical  position. 

The  pier,  of  cemented  brick,  from  which  the  observations  were  made  for  the  deter- 
mination astronomically  of  this  station,  is  situated  in  block  No.  9,  known  as  Jail 
Square,  57  feet  from  the  center  of  Fifth  street,  and  211  feet  in  a  straight  line  to  a 
street  monument  in  the  center  of  Main  and  Fifth  street.  (See  plat  herewith.)  The  loca- 
tion was  objectionable  on  account  of  du8t,  smoke,  jar,  and  noise,  but  was  nnavotdable. 
There  was  no  other  place  where  the  pier  would  probably  be  protected  an  A  at  the  same 
time  afford  the  necessary  telegraphic  facilities.  In  erecting  the  pier  the  magnetie 
needle  variation  20i°  east  was  used.  The  transit,  however,  showed  it  to  be  largely 
out  of  the  prime  vertical.  The  unreliability  of  the  needle  in  this  instance  is  doe 
doubtless  to  the  components  of  the  soil^  which  is  here  constituted  largely  of  bovlders 
charged  with  magnetic  iron. 
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•  Walla  TValla  and  it9  $urrouHdinga, 

Wallnla  U  a  clear,  rapid  creek,  heading  in  Blae  Monatain,  and  rnnning  westward 
to  the  Columbia  River.  In  a  dish-shaped  valley,  and  some  30  miles  from  the  monat- 
ains,  lies  Walla  Walla,  on  both  sides  of  the  creek.  Its  popolation  is  some  3.000.  It  is 
a  place  of  lar^  business  in  all  branches  of  trade,  and  is  the  objective  point  for  the 
torrent  of  emigration  at  present  heading  for  thePelouse  country.  By  irrigation,  ikt 
soil  gives  evidence  of  great  fertilitv,  producing  not  only  small  grain,  but  the  best  of 
all  sorts  of  vegetables,  and  probably  the  tinest  corn  west  of  the  Mississippi  Vallay. 
Fruit  is  also  in  abundance,  of  fine  quality—not  only  apples,  pears,  and  the  like,  bat 
also  grapes.  The  city  is  regularly  laid  out,  and  both  as  to  extent  of  squares  and  or- 
namentation is  not  unlike  the  best  settlements  of  Mormondom.  The  streets  si« 
planted  with  Lombardy  poplars,  which  have  made  a  rapid  growth,  and  oontribate 
much  both  to  the  appearance  and  comfort  of  the  place.  They  have  been  iirigatad 
up  to  the  present  time,  but  it  is  believed  that  they  will  eventually  root  deep  enongb 
in  the  loose  soil  to  secure  sufficient  moisture. 

Meteorological  condiiions. 

Three  weeks  were  occupied  in  the  determination  in  latitude  and  longitude  of  thii 
station,  from  August  8  to  29.  There  was  much  electrical  phenomena  and  some  clondi 
to  occasion  delay,  but  there  was  no  rain,  nor  had  there  been  any  to  bless  this  land  of 
dust  since  the  March  previous.  There  were  observations  August  10, 12, 13,  14, 16, 16, 
19, 24,  25 ;  August  15, 17,  20, 21, 22,  and  23  cloudy —a  week  out  of  three,  yet  no  rauL 
The  night  of  August  22.  while  loitering  at  the  observing  tent,  waiting  for  the  ciondi 
to  disperse,  a  ^*  chinook  "  was  felt,  but  of  brief  duration.  The  *'  Chinook  ^  is  a  hot  wind 
that  comes  from  the  sea,  common  in  winter,  and  is  particularly  remarkable  for  tlM 
rapidity  of  its  softening  action  upon  the  snow  and  frost-locked  land. 

Telegraphic  commumcatioH, 

The  connection  was  made  with  the  Ogden  Observatory  by  way  of  Boise  City  and 
Winnemucca.  That  portion  of  the  line  ^tween  Walla  Walla  ana  Winnemncca  was 
in  charge  of  Professor  Speed — it  having  been  but  recentlv  put  in  order  for  milituy 
purposes.  It  was  a  perpetual  source  of  delay  and  worry.  Men  had  to  be  kept  out  con- 
stantly looking  after  it  The  poles  were  rotten  and  gave  way  daily  from  one  cause  or 
another,  and  the  wire  was  seldom  or  never  working  twelve  consecutive  hours. 

Method  of  ohsetrations. 

Observations  were  made  with  eye  and  ear :  BIr.  G.  M.  Dunn  recording  and  giving  other 
efficient  service  in  addition  to  his  meteorological  observations.  The  chronometer  for 
exchange  of  signals  was  taken  to  the  telegraph  office,  distant  some  three  squares. 
Sufficient  preliminary  computations  were  made  to  detect  and  rectify  any  possible  error 
during  the  observations. 
JJJJI  Instruments, 

Z.  M.  ( WUrdemann,  No.  16).  This  instrument  is  oldj  much  worn,  and,  if  at  its  best, 
would  be  too  small  for  the  atmosphere  of  Walla  Walla  in  latitude  work.  Chronometer 
Negus  No.  1511  was  used,  having  a  very  fair  rate,  despite  the  necessarily  rough  usage 
it  got  in  the  stage  trip  from  Reading  to  Roseburg. 

ASTRONOMICAL  STATION  AT  THE  DALLES,  OREGON,  1878. 

Geographical  position. 

The  point  selected  for  the  determination  in  The  Dalles  was  on  the  bluff  of  the  lavs 
bed,  under  the  shadow  of  which  are  the  Steam  Navigation  Company's  offices  and  work- 
shops. The  pier  was  of  cemented  brick  and  in  a  position  not  likely  to  be  disturbed, 
unless  it  be  by  some  irrational  wantonness.  From  here  one  can  not  only  overlook  the 
whole  city,  but  have  an  unobstructed  view  of  the  lofty  and  snow-covered  cone,  Mount 
Hood :  and  but  for  a  mountain  ridge  inst  across  the  Columbia  River,  Mount  Adams 
would  also  be  visible.  From  the  pier  the  northwest  comer  section  3,  township  1  north, 
range  13  east,  bears  north  33^  west,  distance  447^  feet ;  and  to  the  south  side  of  Main 
street,  if  it  were  prolonged,  the  distance  is  81^  f^t.  (See  plat  herewith.)  The  meridian 
was  marked  on  the  north  near  the  bluff  facing  the  Columbia  River  by  an  iron  pin 
driven  into  the  ground  and  then  covered  by  a  conical  pile  of  rocks  6  feet  wide  and  4 
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feet  high.    Southward  on  a  large  natural  monnd  (which  was  once  a  part  of  the  mili- 
tary reeervation  of  old  Fort  Dalles)  it  was  indicated  in  the  same  way. 

Dalles  City  and  surroundinga. 

The  Dalles,  or  Dalles  City,  in  the  language  of  its  incorporation,  is  situated  at  the  mouth 
of  Mill  Creek,  a  very  considerable  distance  below  the  main  part  of  the  rapids  of  the 
Columbia  River,  from  which  it  takes  its  name.  It  is  a  strangely  selected  spot  for  a 
city,  for  what  is  not  lava  bed  is  for  the  most  part  sand.  Once  there  was  a  level  and 
fertile  valley  between  the  city  and  the  foot  of  the  rapids,  but  that  is  now  almost  entirely 
covered  with  sand  dunes.  The  wind  that  pours  up  the  canon,  that  sets  in  at  the  month 
of  Mill  Creek,  like  water  through  a  funnel  is  apparently  the  source  of  all  thissand  in  and 
about  the  city.  Despite  the  forbidding  character  of  the  location.  Dalles  City  is  a  pic- 
turesque go-ahead  town,  having  many  fine  stores  and  pleasant  residences,  with  their 
charming  fruit  gardens. 

Meteorological  conditions. 

It  took  no  less  than  four  weeks  to  put  in  this  station,  from  August  29  to  September  S5. 
Arrangements  for  observations  were  ready  the  31st.  September  1,  however,  a  violent 
wind  carried  everything  in  the  shape  of  tent  and  other  equipment  to  the  ground,  mak- 
ing it  necessary  to  put  up  a  substantial  frame  work.  Observations  were  made,  or  it  was 
possible  to  make  them,  September  2,  3,  4,  5,  6,  7,  8,  and  9,  although  there  was  much 
embarrassment  from  the  wind.  From  September  10  to  19,  inclusive,  the  atmosphere  was 
so  full  of  smoke,  driven  from  the  burning  Cascade  Mountains,  that  no  observations 
could  be  made.  A  few  of  the  very  largest  stars  could  sometimes  be  faintly  seen.  Dur- 
ing this  time  the  sun  was  stripped  of  its  power  and  stood  in  the  heavens  as  a  great 
blood -red  orb ;  the  moon  had  the  same  general  appearance  by  night ;  the  wind  blow- 
ing all  the  while  eastward,  and  sometimes  violently.  From  the  19th  to  the  25th  it  was 
for  most  part  favorable,  if  the  wind  be  excepted. 

Telegraphic  communication. 

The  Western  Union  office  and  that  of  the  Oregon  Steam  Navigation  Company  not 
being  connected  in  Portland,  an  e£fort  was  made  at  first  to  get  Ogden  by  way  of 
Walla  Walla,  Boise  City,  and  Winnemucca.  The  most  patient  perseverance  for  many 
nights  brought  success  but  once  in  this  direction,  September  5.  The  office  in  Port- 
land having  been  connected,  the  rest  of  the  signal  exchanges  were  made  by  Portland 
and  San  Francisco,  that  circuitous  but  expeditious  route. 

Method  of  oheervation. 

Mode  of  observation  same  as  at  Walla  Walla ;  that  is,  eye  and  ear.  The  chronom- 
eter did  not  have  to  be  taken  so  far ;  but  the  climbing  up  and  down  the  bluff  was  any- 
thing but  a  safe  or  pleasant  operation. 

Instrumente. 

Instruments  same  as  at  Walla  Walla.  No.  16  is  an  old  iustrument,  has  been  put  to 
much  service  in  many  places,  but  the  roughest  usage  it  ever  had  it  received  probably 
itom  the  wind  and  sand  of  Dalles  City,  Oreg. 

ASTRONOMICAL  STATION  AT  FRESNO,  CAL.,  OCTOBBR,  1878. 

Geographical  position. 

The  location  of  the  observatory  was  on  a  swell  of  ground  some  half  mile  south  of 
town.  Pier  was  of  cemented  brick,  as  the  other  stations.  There  was  no  lava  bed 
here  as  at  The  Dalles,  or  bowlders  as  at  Walla  Walla,  loaded  with  magnetic  iron  to 
affect  the  needle,  the  soil  bein^  composed  almost  entirely  of  sand.  It  is  seldom  or 
never  possible  to  get  such  a  desirable  spot  in  all  respects  for  an  observatory  as  was 
here  presentsd.  The  view  was  unobstructed  in  all  directions,  bounded  eastward  at  a 
^at  distance  by  Mount  Whipple,  Goddard,  and  other  great  mountain  macses  of  the 
Sierra  Nevadas,  while  westward  lay  the  Coast  Range. 

Fresno  and  its  surroundings, 

Fresno  is  a  town  that  owes  Its  origin  to  the  Southern  Pacific  Railroad.  It  is  the 
43apital  of  the  county  of  that  name,  which  is  often  designated  in  California  as  the 
ooanty  of  colonies.    The  court-house  is  an  expensive  and  showy  building,  and  stands 
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out  in  marked  contraat  with  all  other  ImprovementB,  both  public  and  priTaie.  At 
this  season  of  the  vear  there  seemed  to  be  no  vegetation  here— nothing  green— oxeeft 
that  prodaced  by  irrigation. 

Meteorological  conditions. 

Had  the  pier  and  tent  in  readiness  for  observations  by  October  1,  and  it  wjm  cob- 
tinnonsly  clear  till  the  11th,  when  it  rained,  as  also  on  the  13th  and  14th.  There  was 
little  or  no  wind,  and  no  dnst  to  interfere,  notwithstanding  the  sandy  soil. 

Telegraphic  communication,   * 

Ogden  was  got  by  wa^  of  San  Francisco,  and,  there  being  no  delay  in  the  use  of  the 
wires,  long  exchanges  with  complete  clock  error  could  have  been  had  every  night  firooi 
October  1  to  11  had  the  conditions  of  the  former  place  been  equally  favorable. 

Method  of  observation  and  instruments. 

Same  as  at  other  stations. 

The  elaborate  stone  pillars  sent  to  Fresno  for  marking  the  meridian  were  placed ; 
the  one  in  the  meridian  north  of  the  pier,  inst  north  of  the  railroad  track,  and  on  a  line 
with  the  first  row  of  houses  facing  south ;  the  other  about  the  same  distance  aoath- 
ward  and  near  a  road  leading  to  one  of  the  colonies. 
Very  respectfully,  yours, 

JOHK  H.  Clabk. 
Capt.  Geo.  M.  Wheelbr,  in  Charge, 


Appendix  J. 


bxfort  of  ▲  special  astronomical  party  operating  in  new  mexico  anb  tejub, 
field  season  of  1876,  bt  miles  rock,  assistant. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridiak, 

Washington,  D,  C,  May  1,  1879. 

Sir  :  In  compliance  with  your  orders  to  establish  principal  astronomical  atationa  at 
Fort  Selden,  N.  Mex..  and  Fort  Bliss,  Tex.,  I  left  Washington  for  the  field  July  :^ 
1878.  At  Philadelphia  I  met  Prof.  T.  H.  Safford  and  arransed  a  programme  far  -" 
observations  and  the  exchange  of  telegraphic  time  signals.  Sir.  Frod.  W.  Floyd,  ai 
nomical  assistant  and  meteorologist  of  the  party.  Joined  me  at  Harrisburff.  roar  final 
instructions  for  the  work  awaited  me  at  South  Pueblo,  Colo.,  and  your  teleg:run,  al 
Santa  F^,  N.  Mex.,  authorizing  me  to  delay  the  journey  to  observe  the  solar  eclipse  of 
July  29. 

Lieutenant  Paxton,  Fifteenth  Infantry,  and  acting  commandant  at  Fort  Mar^, 
loaned  me  two  signal-service  telescopes  of  about  2  inches  aperture  and  30  inches  focal 
length.  Obtaining  some  plain  circular  eve-glasses  from  a  Jeweler,  I  smoked  and  placed 
one  within  the  cap  of  eacn  eye-piece.  The  telescope  supports  were  screwed  into  posli 
planted  10  feet  north  and  south  of  the  astronomical  monument  of  this  survey,  the  po- 
sition of  which,  as  determined  in  1873,  is  latitude  35^  41'  19".29  north,  and  lonsitiMA 
105^  66'  45''.22  west  from  Greenwich.  I  obtained  a  correction  for  my  mean-time  chre- 
nometer  (Negus  No.  288)  by  telegraphic  sisals  from  Denver,  giving  alleged  Washing- 
ton true  time.  The  chronometer  was  8  minutes  8  seconds  fast  of  Wasmngton  meaa 
time. 

The  following  is  the  result  of  the  eclipse  observations  in  Washington  mean  time : 

Beginning  of  the  eclipse :  • 

A*  «•    ff 

Bock 4  17    61 

Paxton 4  17    63 

End  of  the  eclipse : 

Eock 6    33    43 

Paxton 6    33    4S 
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.  £ach  obaerver  independently  noted,  near  the  end  of  the  eclipse,  the  time  of  the  phase 
that  seemed  equal  to  the  phase  which  was  first  detected,  marking  on  prepared  diagrams 
the  appearances  that  were  timed.  In  this  way  a  more  accurate  time  for  first  contact 
^waa  secured. 

The  actually- ohserved  times  were  as  follows,  in  chronometer  time  (Negus  mean- time 
chronometer  288): 

By  Rock : 

h,   m.  $, 

Phase  A,  after  first  contact 4    26  38 

Pha«e  A,  before  last  contact - 6    41  30 

Last  contact 6    41  51 

By  Paxton : 

Phase  A,  after  first  dontact 4  26  34 

Phase  B,  before  last  contact,  equal  to  Phase  A  according  to  his  diagram ...  6  41  17 

Phase  C,  before  last  contact 6  41  28 

Phase  D,  '^  gone/' last  contact 6  41  6i 

Mr.  Floyd  had  charge  of  the  chronometer,  and  marked  time.    He  and  observer,  Ser* 

geant  Frost,  of  the  Signal  Service,  read  the  meteorological  instruments  every  quarter 
our  during  the  eclipse,  and  every  half  hour  during  the  remaining  time  from  noon  to 
7  p.  m.  I  also  observed  a  thermometer  exposed  to  the  sun's  direct  rays  with  its  bull^ 
smoked. 

While  at  Santa  F^,  Mr.  Floyd  took  comparative  readings  of  the  survey  barometei* 
with  those  of  the  United  States  Signal  Service. 

On  July  30,  we  resumed  our  Journey,  and  arrived  at  Fort  Selden  August  2,  and 
staid  two  days  to  select  the  site  and  arrange  for  constructing  the  monument.  How« 
ever,  in  consequence  of  the  abandonment  of  Selden  as  a  military  post,  you  subsd- 
qnently  selected  Fort  Bayard  instead.  Mr.  Floyd  took  barometrio  readings  in  the 
hall  of  the  commandant's  house  during  our  stay. 

August  4  and  5  were  spent  at  Las  Cmces  and  Mesilla  in  efforts  to  secure  materiaU 
and  skilled  workmen  for  building  astronomical  monuments,  but  without  success. 

On  the  morning  of  August  6  we  arrived  at  £1  Paso  (Franklin),  Tex.  It  is  <dso  the 
present  Fort  Bliss,  the  troops  being  quartered  in  the  villag[e.  The  two  old  posts  ol 
this  name  are  further  down  the  river,  3  and  3i  miles,  respectively,  and  are  in  mins.  I 
located  the  astronomical  monument  25  feet  northwest  from  the  center  of  the  pnblis 
square,  as  shown  by  a  plan  of  the  town,  and  measuring  from  the  buildings  on  the 
southeast  and  southwest  sides.  There  is  no  other  public  ground,  and  it  seems  the  only 
place  secure  against  disturbance  by  future  improvements ;  but  being  an  open  commom 
and  a  rendezvous  for  cattle  and  teams,  for  its  present  protection  I  built  a  rough  stone 
wiUl  2  feet  high  and  10  feet  square  around  it.  The  mason  and  brick  I  could  set  only 
from  £1  Paso,  Mexico,  and  the  l^rick  had  to  be  specially  baked  b^  a  tile-msiKer.  As 
the  rainv  season  was  at  its  height  and  would  not  permit  observation,  I  waited  until 
the  brick  pier  was  built  before  mounting  the  transit. 

On  Auffust  15  I  was  ready  to  exchange  sisnals  with  Professor  Safford,  at  Ogden, 
but  failed  to  get  him,  as  the  Western  Union  line  was  down  beyond  Santa  F^.  fSadi 
night  following  I  observed  for  time  whenever  clear  enough,  but  failed  to  get  a  circuit 
with  Ogden  for  over  three  weeks. 

On  August  19  I  sought  to  get  a  circuit  via  San  Dieso  and  San  Francisco,  but  no  trial 
was  made,  as  others  supposed  it  nseless^the  distance  oeing  about  2,500  miles. 

The  weather  began  to  settle  about  August  24,  and  then  I  observed  for  latitude,  whea^ 
ever  clear  enough,  after  trying  each  evening  to  get  Ogden,  and  on  the  nights  of  August 
24, 25,  27, 29, 30,  and  September  1, 2,  and  4,  observed  184  pairs  of  latitude  stars. 

The  failure  to  get  a  circuit  to  Ogden  via  Santa  F^,  Pueblo,  J>enver,  and  Cheyenne 
was  due  to  various  causes  on  different  nights,  but  chiefly  to  interruptions  of  the  line 
by  Btorms  in  the  Rio  Grande  Valley  and  on  the  stretch  between  Santa  F6  and  Pueblo, 
which  was  in  very  bad  condition.  Finally,  fearing  failure  altogether  in  getting  the 
longitude  by  telegraph,  I  proceeded  to  observe  transits  of  the  moon  and  moon-culmi- 
nating stars  on  four  nights  before  full  moon,  and,  in  order  to  make  a  complete  seli^ 
thiee  nights  after  the  full,  though  by  that  time  I  had  succeeded  with  the  telegraph. 
These  observations  were  made  on  the  nights  of  September  5, 7, 9, 10, 11, 12,  and  13,  the 
moon's  limb  and  about  six  stars  on  each  night. 

On  September  6  I  again  tried  to  get  a  circuit  via  California,  and  on  the  evening  oi 
the  7th  succeeded  in  exchanging  time-signals  with  Ogden,  and  aeain  on  the  nights  al 
September  8  and  10.  This  line  was  then  interrupted,  but  I  finally  obtained  a  circuit 
via  Santa  F^  and  Cheyenne  on  September  11  and  12,  which  completed  the  observations 
at  this  station.  There  were  observed  198  stars  for  time,  of  which  127  on  the  fiye  nights 
when  time-signals  were  exchanged. 

Hourly  readings  of  the  meteorological  instruments  were  taken  for  four  weeks,  and 
only  at  certain  hours  during  the  remaining  two  weeks  of  our  occupancy  of  the  station. 
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The  north  meridiftn-mark  is  situated  nearly  a  mile  off  on  the  edge  of  a  mesa  aldit- 
ing  the  hase  of  Franklin  Monntains,  and  360  feet  aboTe  the  monnment  in  altitude. 
The  situation  did  not  allow  a  south  meridian-mark. 

The  poet  qnarterm aster,  Lieut.  D.  J.  Gibbon,  Ninth  CaTalry,  furnished  tents,  tool^ 
and  furniture,  and  hauled  lime,  sand,  brick,  stone,  and  water,  and  extended  all  needed 
assistance. 

On  September  17,  to  carnr  out  your  instructions  in  regard  to  connecting  my  monu- 
ment with  the  astronomical  station  of  the  Mexican  Boundary  Survey,  I  called  on  Se&or 
Ramirez,  in  El  Paso,  Mexico,  who  had  been  one  of  the  Mexican  commissioners  to  locate 
the  international  boundary ;  he  ^inted  out  to  me  the  spot,  as  he  remembered  it,  for 
there  is  no  mark  of  the  astronomical  station  of  that  survey,  near  the  church,  with  the 
bell-tower  of  which  I  connected  it  as  near  as  practicable  by  pacing.  It  is  140  feet 
south  and  350  west  from  the  tower. 

On  September  18  we  started  for  Fort  Bayard,  by  an  Army  escdrt  wagon,  fnmished 
by  Lieutenant  Gibbon.  I  could  thus  carry  the  instruments  along,  and  have  t^em  at 
hand  as  soon  as  wanted  at  Bayard.  We  took  cistern-barometer  readings  at  all  ths 
night  stopping  places;  at  Cottonwood  Ranch,  south  of  old  Fort  Fillmore ;  at  Meeilb 
comparative  readings  with  the  signal- service  barometer ;  at  Mason's  ranch,  west  of  Foct 
Selden  ;  at  the  spring  at  old  Fort  Cnmmings ;  and  at  Miembres  Hot  Springs  *t  tJw 
foot  of  the  mound  of  the  spring  in  front  of  the  dwelling. 

We  arrived  at  Fort  Bayard  on  September  23,  and  the  same  day  I  located  the  site  far 
the  monument  on  the  solid  gpeiss  rock  on  top  of  a  hill  jnst  outside  the  quadrangle  of 
the  post,  about  400  feet  from  its  western  comer,  and  34  feet  in  altitude  above  the  surface 
of  the  parade-ground  at  the  flagstaff,  and  in  the  evening  staked  out  the  meridian. 

Next  day,  the  91th,  I  took  our  wafon  to  Silver  City,  nine  miles  west  of  Bayard,  for 
lime  and  brick,  and  on  the  25th,  witn  the  help  of  a  Mexican  mason  from  Central  City 
and  a  discharged  cavalryman,  the  observing  pier  was  erected.  The  same  evening  I 
set  up  the  transit  and  was  ready  to  exchange  time  signals ;  but  the  office  of  the  mili- 
tary telegraph  was  closed,  on  account  of  the  absence  of  the  operator  on  repair  duty. 

Lieut.  James  Allen,  A.  S.  O.,  and  superintendent  of  the  Sante  F6  division  of  the 
military  telegraphs,  ordered  an  operator  up  from  Silver  City  in  time  for  tbe  next  evoi- 
ing,  Septeml^r  26,  when  I  obtained  a  circuit  via  San  Diego  and  San  Francisco,  and 
exchanged  time  signals  with  Professor  Safford  at  Ogden,  Utah ;  also,  on  tbe  nights  of 
September  27, 30,  and  October  1  and  3.  There  were  observed  144  stars  altogether  tor  tisie 
determinations,  and  110  on  the  Ave  nights  when  signals  were  exchanged.  There  were 
65  time  signals  received  from  Ogden,  and  the  same  number  sent  each  night  here,  as 
well  as  at  Fort  Bliss. 

For  latitude  there  were  observed  190  pairs  of  stars  on  the  nights  of  October  4,  6, 7, 
8,  and  9. 

The  north  meridian  mark  is  distant  580  yards  on  a  hill  of  the  same  height  as  Monu- 
ment Hill ;  the  south  mark  820  yards  on  a  lower  rise  west  of  Central  City. 

The  meteorological  instruments  were  read  hourly  during  the  whole  of  our  stay. 
On  October  8  I  sent  Mr.  Floyd  to  Silver  City  with  one  of  the  cistern  barometers  to  take 
coxnparative  readings  with  the  signal- service  barometer. 

I  examined  a  ledge  of  white  marble  near  tbe  Hanover  copper  mines  to  see  if  it 
would  furnish  blocks  for  monument  caps  and  meridian-mark  stones,  and  concladed  a 
contract  on  October  10  to  quarry,  cut,  and  letter  the  stones  for  both  stations  and  plaee 
those  of  Bayard  into  position. 

Lieut.  D.  K.  Bamham,  Fifteenth  Infantry,  post  quartermaster,  hauled  sand  and  water 
and  foroished  'an  observatory  tent,  tools,  and  furniture  and  quarters  for  Mr.  Floyd 
and  myself.  On  October  10  the  instruments  were  prepared  for  shipment  and  the  pnb- 
lie  property  turned  over  to  the  post  quartermaster. 

On  the  11th  we  started  on  our  return  Journey  on  the  bi-weekly  buckboard.  At  old 
Fort  Cnmmings  the  same  day  we  fell  in  witl\  Mr.  Nell's  section  of  Lieutenant  Bimi^ 
party  of  this  survey  and  compared  barometers. 

At  Mesilla,  on  the  12th,  we  took  comparative  readings  with  the  signal-service  bar- 
ometer, and  again  at  Santa  F^  on  the  17th. 

On  my  arrival  at  Santa  F6,  October  16, 1  received  your  telegraphic  order  t4>  proceed 
to  Fort  Dodge,  Kans.,  and  arrived  there  on  October  20.  At  the  post,  five  miles  fioa 
the  town,  yoar  note  was  received  directing  me  to  select  a  site,  estimate  the  expense, 
and  obtain  all  needed  information  for  the  subsequent  establishment  of  an  astronomi- 
cal station.  All  which  was  done  on  Monday,  the  2l8t,  the  site  selecte<l  being  the  soath- 
west  corner  of  the  court-bouse  yarri,  which  is  the  only  public  ground  on  a  high  part 
of  the  town  affording  a  horizon.  The  same  night  1  started  for  Washington. 
Very  respectfully,  your  obedient  servant. 

Miles  Kock,  C.  E., 
Civilian  AssiMtant,  in  chargs  of  Uiepartm. 

Capt.  George  M.  Wheeler,  im  Charge. 
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Appendix  K. 

prblibnnart  report  of  a  special  geological  party  operating  in  colorado 
and  new  mexico,  frobfr  spanish  peaks  to  the  south,  field  season  of  1878, 
bt  professor  john  j.  stevenson,  assistant. 

Untversitt  of  the  City  of  New  York, 
New  York,  ApHl  10, 1879. 
Sir  :  I  have  the  honor  to  sabmit  herewith  a  preliminary  report  upon  the  geology  of 
the  portions  of  South  Central  Colorado  and  North  Central  New  Mexico  examin^  by 
me  anring  the  field  season  of  1878. 

I  may  here  gratefnlly  acknowledge  the  uniform  courtesy  shown  me  by  the  officers 
at  Forts  Union  and  Garland.    To  the  kindly  co-operation  of  these  gentlemen  is  due 
not  a  little  of  the  success  marking  the  season. 
Very  respectfully,  yours, 

J.  J.  Stevenson. 


GENERAL  PHYSICAL  FEATURES  OF  THE  DISTRICT. 

The  region  examined  during  the  season  of  1878  includes  part  of  South  Central  Col- 
orado and  of  North  Central  New  Mexico.  It  is  embraced  between  north  latitude  37^ 
2(y  and  35^  40',  and  longitude  104^  7'  '30"  and  105^  30'  west  from  Greenwich.  It  is 
represented  on  atlas-sheets  70  A  and  70  C,  and  its  area  is  not  far  from  8,000  square 
miles. 

Thd  western  part  of  this  region  is  mountainous,  as  the  Sangre  de  Cristo  Range  of 
Southern  Colorado  enters  it  and  expands  into  a  group  of  ranges.  At  the  north  the 
mountains  break  down  abruptly  toward  the  east,  and  are  separated  by  a  narrow  lon- 
g[itndinal  valley  from  the  Baton  Mountains,  which  on  the  map  are  colored  as  coexten- 
sive with  the  Laramie  or  Lignitic  group.  Near  the  extreme  north  a  high,  basalt-cov- 
ered area,  marked  on  atlas-sheet  70  A  as  the  Raton  Plateau,  extends  eastward  from 
the  Raton  Mountains,  and  merges  into  a  great  volcanic  area  beyond  the  limits  of  the 
district. 

On  the  south  and  east  the  Raton  Mountains  look  upon  the  Canadian  plains,  abroad  v^ 

expanse  of  rolling  country,  dotted  here  and  there  with  low  mesas  or  flat-topped  hills,  f 

and  extending  southward  and  eastward  far  beyond  the  region  examined.  The  streams 
flow  across  this  plain-country  in  rapidly  deepening  channel- ways,  which  become  great 
cafions  toward  the  south  and  southeast. 

The  mountain  area  expands  southward  for,  sav,  70  miles,  but  thence  it  contracts. 
The  eastern  or  Cimarron  Range  breaks  down  southward,  and  is  lost  in  a  great  mesa, 
which  will  be  spoken  of  in  this  report  as  the  Ocate  mesa,  while  the  next  range  at  the 
west  bends  westward,  and  the  low  mesa  country  is  carried  almost  to  the  western  edge 
of  the  district  before  the  southern  edge  has  been  reached.  The  change  in  the  con- 
ditions is  well  shown  on  the  map ;  fov  at  the  north  the  whole  of  the  mountain  area 
falls  within  the  district,  and  the  plains  of  the  Rio  GnAde  are  reached  on  the  west  side, 
whereas  southward  the  expanding  of  the  mountain  groups  carries  a  great  mountain 
region  out  beyond  the  western  border,  while  at  the  same  time  the  gradual  dying  out 
of  some  of  the  eastern  anticlinals  and  the  ouryiug  westward  of  others  throws  almost 
the  whole  of  the  mountain  area  beyond  the  western  edge  of  the  ditstrict. 

The  region  under  consideration  includes  parts  of  three  ^reat  drainage  areas :  that  of 
the  Pur^tory,  that  of  the  Canadian,  and  that  of  the  Rio  Grande.  The  first  two  are 
really  subdivisions  of  the  great  Arkansas  area,  but  as  far  as  concerns  the  present 
report  they  may  be  considered  as  wholly  independent. 

The  area  of  the  Pnrgatorr,  which  occupies  the  northern  part  of  the  district,  begins 
on  the  west  slope  of  the  Cnlebra  Mountains  and  extends  eastward  to  beyond  the  limit 
of  the  map.  It  is  the  seat  of  extensive  agricultural  and  mining  operations.  The  im- 
portant city  of  Trinidad  is  the  commercial  center.  The  area,  however,  is  narrow  and 
lies  north  from  a  line  passing  east  and  west  through  the  Raton  Plateau.  The  Cana- 
dian area  is  by  far  the  most  important,  for  it  includes  all  that  part  of  the  district 
lying  south  from  the  line  already  indicated  and  east  from  the  mountain  divide. 
Economically,  its  northern  portion  is  as  important  as  the  Purgatory  area,  but  the 
developments  have  not  been  carrietl  to  so  great  an  extent  either  in  agriculture  or  in 
coal  mining.  The  area  of  the  Rio  Grande  lies  wholly  west  from  the  mountain-summit, 
as  iar  as  the  work  of  last  season  is  concerned,  but  the  divide  between  it  and  the 
Canadian  bends  to  the  east  immediatc'ly  south  from  the  region  examined,  so  that 
thence  sonthward  the  waters  from  both  sides  of  the  mountain  ranges  are  drained  into 
the  Rio  Grande. 

THE  DIVIDES. 

The  divide  separating  the  areas  of  the  Purgatory  and  Canadian  from  the  area  of  the 
Rio  Grande  may  be  best  considered  as  a  unit,  as  indeed  it  is,  separating  as  it  does  the 
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Rio  Grande  area  from  that  of  (he  ArkaDsaa,  of  which,  as  already  stated,  the  areas  of  the 
Canadian  and  Purgatory  are  bnt  insisnificant  divisions. 

Beginning  at  the  northern  limit  of  the  district,  we  find  this  divide,  there  known  as 
the  Culebra  Range,  to  be  bat  a  oontinnation  of  the  San^re  de  Cristo  Ran^,  to  which 
Bofflcient  reference  has  been  made  in  my  previons  report. .  The  divide  coincides  with 
the  summit  of  the  range  for  a  distance  of,  say,  20  miles,  when  it  bends  eastward,  or 
rather  is  shifted  east,  a  few  miles.  The  southerly  coarse  is  resumed  and  retainea  to 
the  head  of  Comancl^  Creek,  where  it  bends  westward.  It  now  coincid'es  again  with 
the  summit  of  the  main  mountain  range  and  so  continues  to  the  most  soathem  point 
reached  during  the  season.  The  divide  is  the  same  with  the  summit  of  the  mountain 
ridges  marked  on  the  map  as  the  Mora  and  the  Las  Vegas. 

The  passes  over  the  divide  are  not  numerous,  and  few  of  them  show  gentle  ap- 
proaches. The  first,  beginning  at  the  north,  is  Costilla  Pass,  leading  from  Vermejo 
Creek,  a  tributary  to  the  Canadian,  to  Costilla  Creek,  a  tributary  to  the  Rio  Grande. 
The  approach  from  the  west  is  very  gradual,  and  the  summit  of  the  pass  is  a  broad, 
open,  and  somewhat  rolling  plain ;  but  the  approach  from  the  east  is  abrnpt, 
though  the  difficult  grade  was  easily  overcome  by  making  the  road  serpentine.  Thii 
pass  IS  but  10,147  feet  high  at  the  summit,  and  is  said  to  remain  open  during  nearly  the 
whole  year.  But  it  is  little  used  now,  for,  although  the  summit  is  not  likely  to  remain 
closed,  the  approach  on  the  west  side  is  liable  to  be  badly  blocked  with  snnw  in  some 
narrow  defiles.  Moreno  Pass  leads  from  the  head  of  Comanche  Creek,  a  tributary  to 
Costilla,  to  the  head  of  Moreno  Creek,  a  fork  of  Cimarron  Creek,  which  enters  the  Ca- 
nadian. This  is  a  low,  gentle  pass,  with  easy  approaches  on  each  side,  bnt  liable  to  be 
choked  with  snow  at  an  early  date.  It  is  somewnat  uncertain,  as  the  ground  is  mardiy 
for  some  distance  on  each  side  of  the  summit.  The  pass  is  not  thought  to  be  a  ffood 
one,  as  it  is  more  apt  to  close  quickly  during  snow  storms  than  are  some  of  those  woi^ 
are  hieher  and  more  abrupt. 

Red  River  Pass,  leading  from  the  west  fork  of  Moreno  Creek  to  the  head  of  Colo- 
rado Creek,  was  much  used  while  the  Moreno  mining  district  was  prosperous.  An  ex- 
cellent wagon-road  was  constructed,  but  since  the  decay  of  mining  interests  the  road 
has  been  little  used  and  it  is  in  a  dilapidated  condition.  The  approach  from  the  east 
is  comparatively  gentle,  but  the  grade  on  the  west  side  is  extremely  abrupt,  difiSoolt 
indeed  for  loaded  animals.  Unless  the  grade  were  very  materially  better  in  earlier  days 
one  can  hardly  conceive  how  wagons  could  have  been  taken  over  it.  The  grade  for  one 
mile  is  nearly  ten  degrees. 

Taos  Pass  leads  from  Moreno  Valley  to  the  head  of  Ferdinand  Creek  and  is  oroeaed 
by  the  sta^e-road  to  Taos.  The  approach  on  each  side  is  a  comparatively  gentle  grade 
until  within  half  a  mile  of  the  summit,  but  thence  the  grade  is  very  dimcolt.  The 
pass  is  9,095  feet  high  and  is  kept  open  during  the  winter.  Like  that  of  the  Red 
River  Pass,  the  summit  of  this  is  exposed,  and  there  is  little  opportunity  for  snow  to 
accumulate  during  the  driving  storms  wliich  prevail.  Much  freighting  is  done  oTec 
this  important  pass. 

A  wagon-road,  crossing  the  Mora  range  from  Black  Lake  on  Coyote  Creek  to  a  fork 
of  FrijoT^  Creek,  was  constructed  many  years  ago  for  government  use ;  bnt  it  followed 
no  pass,  and  the  grade  was  so  bad  that  when  no  longer  needed  by  the  goverxune&t 
teamsters  the  road  was  abandoned. 

The  Las  Vexas  Mountains  present  a  regular  crestline  towards  the  Mora  River,  a 
tributary  of  the  Canadian,  and  two  roads  cross  from  Mora  Creek  to  the  streams  form- 
ing Junta  Creek,  tributary  to  the  Rio  Grande.  The  northern  road  winds  up  the  mount- 
ain side  with  a  painful  grade  lasting  for  nearly  three  miles,  but  over  the  summit^  oft 
the  waters  of  Junta  Creek,  the  grade  is  not  so  difficult.  The  approaches  on  both  aides 
are  easier  along  the  other  road.  Both  roads  are  said  to  remain  freely  open  during  the 
whole  winter.  No  other  passes  exist  along  this  divide  within  the  district,  the'diatance 
included  being  not  far  from  140  miles.  A  few  trails  have  been  used  by  the  Indiam^ 
but,  for  the  most  part,  these  are  hardly  practicable  for  loaded  animals.  One  8Q<^ 
trail  passes  from  the  south  fork  of  the  Purgatory  to  the  north  fork  of  Culebra  Creek ; 
another,  from  the  Moreno  Valley  to  Lucero  Creek,  and  another  from  the  head  of  Mora 
Creek  to  a  fork  of  Frijol^  Creek.  These  are  very  obscure,  and  are  badly  obstructed 
with  fallen  timber^  so  interlaced  that  progress  is  almost  impossible. 

The  divide  between  the  Purgatory  and  the  Canadian  begins  on  the  west  slope  of  the 
Culebra  Range,  and  follows  a  tortuous  course  through  the  Laramie  area  to  tne  Raton 
Plateau,  and  thence  to  beyond  the  district  at  the  east.  The  passes  are  numerona  and 
for  the  most  part  unpleasantly  abrupt  near  their  summits. 

A  gentle  pass  leads  from  the  Purgatory  to  the  Vermejo  in  the  narrow  valley  at  the 
base  of  the  range.  It  is  crossed  by  a  good  wagon-road  and  is  9,176  feet  high  at  the 
summit.  A  go<^  pass  leads  from  Long's  Cafion,  tributary  to  the  Purgatory,  to  the 
head  of  the  Upper  Canadian,  and  thence  to  Vermejo  Creek.  It  is  followed  by  a 
wagon-road,  leadine  from  Trinidad  to  Elizabethiown  in  the  Moreno  Valley.  Two 
passes  lead  from  Dillon's  Cafion,  tributary  to  the  Canadian,  to  the  waters  of  the  Pnz^ 
gatoi^;  the  one  crossincr  to  Long's  Cafion.  and  the  other  to  Chicken  Creek,  wliieh 
empties  into  Raton  Creek.    The  latter  is  said  to  be  an  excellent  pass.    The  former  has 
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gentile  approaches  on  the  Canadian  side,  bnt  for  two  miles  from  the  summit,  on  the 
other  slope,  it  is  painfully  steep.  Raton  Pass  leads  from  Willow  Creek  to  Raton 
Creek,  and  for  many  years  it  has  been  the  most  important«f  the  passes  over  this  diyide, 
for  the  Banta  F^  stage  and  freight  road  crosses  by  it.  The  road  is  excellent  and  the 
grades  are  good,  except  near  the  summit  on  the  Raton  side,  where,  for  more  than  half 
a  mile,  the  ffrade  is  steep,  and  the  pass  is  hardier  available  durinff  muddy  weather. 
The  soft  shfiues  readily  break  down  into  mud,  and  in  long-continued  wet  weather  the 
road  seems  to  become  almost  bottomless.  This  pass  has  been  used  by  the  Atchisou, 
Topeka  and  Santa  F6  Railroad,  as  the  distance  through  the  hill,  near  the  summit,  is 
inuffnificant  and  the  abrupt  grades  are  avoided  by  a  short  tunnel. 

Manco  Burro  Pass  leads  from  the  head  of  Chioo  Rico  Creek,  a  tributary  to  the  Can* 
adiau,  to  the  head  of  San  Isidro  Creek,  flowing  to  the  Purgatory.  It  is  approached 
from  the  north  or  Purgatory  side  by  two  roads,  one  skirting  the  wall  of  the  Mesa  and 
at>proachinfl;  the  pass  by  comparatively  easy  gnides,  the  other  following  up  San  Isidro 
Creek.  Either  of  these  is  available  for  pack  animals  and  the  former  is  easy  for  waffons. 
The  roads  come  toother  at  the  foot  of  the  direct  ascent  to  the  summit,  which  is  of  not 
ao  good  grade.  Still,  it  is  not  much  more  difficult  for  wagons  than  the  corresponding 
portion  of  Raton  Pass,  on  the  north  side.  The  approach  on  the  southern  or  Canadian 
aide  is  not  easy,  but  it  is  passable  for  wagons. 

The  subordinate  divides  will  be  described  in  the  final  report  on  this  region. 

THB  STREAMS. 

A  few  more  notes  respecting  the  streams  may  not  be  out  of  place  here,  as  the  map 
will  not  accoDopany  this  preliminary  report. 

The  Upper  Purgatory  River  is  formed  by  the  union  of  several  branches  within  the 
the  Laramie  area  at  not  far  from  the  base  of  the  Culebra  Range,  and  flows  irregularly 
eastward  to  beyond  the  limits  of  the  district.  The  several  streams  forming  ito  forks 
flow  through  deep,  though  short,  gorges  and  unite  for  the  most  part  within  the  nax^ 
row  longitudinal  valley  at  the  base  of  the  range.  Below  the  Junction  of  the  forks  the 
river  flows  through  the  Laramie  area  in  a  broad  cation  with  walls  of  varying  abrupt* 
ness,  which  seem  to  eain  somewhat  in  altitude  toward  the  plains.  Long  tributarj^ 
cafions  enter  that  of  Uie  main  stream  from  both  sides,  all  of  them  heading  on  the  Lar- 
amie Plateau,  which  is  known  as  the  Raton  Mountains. 

The  Canadian  River  is  formed  by  the  union  of  the  two  streams,  both  having  their 
source  in  the  Laramie  area,  the  one  formed  by  petty  creeks  rising  under  Manco  Burro 
and  Raton  passes,  the  other  rising  at  the  top  of  the  plateau  farther  west.  These  unite 
in  the  Canadian  plains,  and  thence  the  river  flows  southeastwardly  to  beyond  our  lim- 
its. Its  channel-way  deepens  rapidly  and,  at,  say,  70  miles  south  from  the  northern 
edge  of  the  district  it  enters  a  ca&on  which,  where  last  seen  daring  the  season,  is  1,090  . 
feet  deep.  This  stream  receives  many  important  tributaries  fronf.  the  west,  of  which 
Yermejo  and  Cimarron  Creeks  have  tneir  sources  in  the  mountains  and  drain  a  great 
nart  of  the  Laramie  area.  Ooate  Creek  drains  much  of  the  Ocate  mesa,  while  Coyote, 
Mora,  CeboUa,  and  Sapello  creeks,  draining  the  whole  of  the  mountainous  region  at  the 
south,  unite  to  form  the  Mora  River,  which  enters  the  Canadian  near  the  southeast 
comer  of  the  district.  This  large  river  flows  in  a  dismal  cafion  similar  to  that  of  the 
Canadian. 

THE  ANTICLINALfl. 

The  anticlinals  of  the  region  fall  naturally  under  three  series,  thus : 

THE  CULEBRA  AXIS  AND  ITS  SUBDIVISIONS— THE    CIMARRON    AXIS,  AND    THE  SUBOR- 
DINATE AXES  OF  THE  RATON  MOUNTAINS  OR  AREA  OF  THE.  LARAMIE  GROUP. 

The  Cnlebra  axis  enters  the  district  at  the  north  and  seems  to  be  the  continuation 
of  the  Sangre  de  Christo  Range,  though  this  statement  may  not  be  made  positively, 
for  I  had  no  opportunity  to  determine  its  accuracy.  The  axis  is  marked  by  the  Cule- 
bra Range,  and,  so  far  as  can  be  ascertained,  remains  sibple  until  a  short  distance 
south  from  Costilla  Creek,  the  line  between  Colorado  and  New  Mexico,  where  a  fault 
begins,  which  apparently  marks  the  origin  of  the  strong  Mora  anticlinal.  The  west- 
ern part  of  the  axis  beyond  the  fault  evidently  ends  at  a  little  way  north  from  Ferdi- 
nand Creek,  or  not  far  south  from  Taos  Peak,  and  the  new  axes  are  found  west  from 
the  Mora  anticlinal.  These  I  have  designated  as  the  Santa  F6  and  the  United  States 
axes,  the  names  being  taken  from  the  rang;es  which  show  the  course  of  the  anticlinals. 

Little  information  was  obtained  respecting  the  Santa  F^  and  United  States  axes,  as 
they  lie  alt<offether  beyond  the  western  limit  of  the  district,  and  were  reached«only 
incidentally  aurins  a  detour  made  to  secure  information  concerning  the  west  slope  of 
the  Mora  axis.  They  remain  to  be  examined  during  a  coming  season.  The  synclinal 
between  the  Mora  and  the  Santa  F6  axis  contains  only  rocks  of  the  Carboniferous  a«e, 
and  no  rooks  of  later  ase  are  involved  in  the  axes  themselves.  The  age  of  the  rocks  be- 
tween the  Santa  F^  and  the  United  States  axis  was  not  fully  detemolned,  but  it  seems 
to  be  only  Carboniferous  in  the  northern  part  of  the  trough,  to  which  alone  my  exam- 
inations were  confined. 
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The  Mora  anticliDal  is  a  bold  axis  with  a  distinct  Arohean  core,  and  foUowa  an  al- 
moat  north  and  sonth  course  to  CeboUa  Creek,  where  it  bends  westward  and  follows 
a  southwest  oonrse  to  the  soathem  bonndary  of  the  region  examined.  A  great  faoU 
was  found  on  the  west  slope  of  this  fold  whereby  the  Arohean  rocks  are  exposed  sootii- 
ward  from  Mora  Creek  to  Sapello  Creek.  A  distinct  subordinate  anticlinal  oocors  on 
the  western  slope,  and  is  apparently  the  northward  continuation  of  this  fault.  Car- 
boniferous rocks  alone  are  inrolved  in  this  axis. 

The  Coyote  synclinal,  between  the  Culebra-Mora  axis  and  the  Cimarron  azia  at  the 
east,  presents  some  extremely  complicated  stratigraphy,  which  has  not  been  worked 
out  in  detail,  though  the  general  structure  is  now  quite  clear.  It  is  hoped  that  after 
the  short  season  of  1879  I  shall  be  able  to  present  the  structure  of  this  interesttns  syn- 
clinal in  all  needed  detail.  Unlike  the  synclinals  at  the  west,  this  one  holds  rocks  be- 
longing to  the  Mesozoic,  even  those  of  the  Laramie  Group. 

'nie  Cimarron  anticlinal  appears  as  an  anticlinal  first  near  Ponil  Pass,  immediatdiy 
north  from  the  Old  Baldy  Mountains,  but  it  is  easily  followed  north  far  beyond  the  dis- 
appearance of  anticlinal  structure ;  for  the  strata  on  the  east  slope  of  the  Culebrs  Range 
are  violently  distorted  even  to  the  northern  limit  of  the  district.  The  axis  increasM 
in  height  to  beyond  Cimarron  Creek,  but  thence  southward  declines  until  it  finally 
disappears  in  an  upturned  wall  of  Dakota  sandstone  in  the  synclinal  at  the  west.  Un- 
like the  other  axes,  this  inyolves  the  newer  rocks,  and  at  Ponil  Pass  it  is  crossed  by 
those  of  the  Laramie  Group. 

The  Cimarron  axis  is  scarcely  less  interesting  than  the  Coyo.te  synclinal,  interrenti^ 
between  it  and  the  Mora  anticlinal  at  the  west. 

THB  SUBORDINATE  AXTICLINALS. 

Several  small  anticlinals  were  observed  in  the  Raton  Mountains,  and  one  occnia  in 
the  southern  part  of  the  district,  which  is  crossed  by  the  Canadian  River  at  but  a  few 
miles  below  the  head  of  the  caflon.  These  anticlinals  are  not  parallel  to  each  other, 
though  there  is  a  close  relationship  existing  among  all  except  that  lying  nearest  the 
mountain  range.  For  the  most  part  these  axes  are  gentle,  with  dips  seldom  exceeding 
two  or  three  degrees.  But  the  Yermejo  axis,  the  most  western  of  all,  shows  dips  ten  de- 
grees on  each  side.  It  differs  from  the  others  in  that  its  course  is  nearly  north  and  south, 
while  the  others  have  a  north-northeast  to  northeast  trend.  These  minor  axes  have 
decided  economic  importance,  for  to  their  inflnence  is  due  the  accessibility  of  the  lig- 
nitio  rocks  over  an  extensive  area.  The  Raton  anticlinal,  passing  but  three  or  fo«r 
miles  west  from  the  summit  of  Raton  Pass,  is  as  abrupt  as  the  Yermejo,  and  ite  ah^ei 
are  quite  as  short.    It  brings  up  the  great  lYinidad  coal  bed  to  the  surface. 

The  minor  axes,  in  the  oraer  of  their  occurrence,  are  the  Yermejo,  the  La  Junta,  the 
Raton,  and  the  Canadian.  In  addition  to  these  is  the  peculiar  uplift,  the  Tuikm 
Mountains,  in  the  neighborhood  of  Fort  Union.  This  seems  hardly  to  be  a  true  anti- 
clinal, but  its  features  have  not  been  ascertained  satisfactorilv.  The  dip  is  in  all 
directions  from  a  central  point  and  its  existence  is  due  probably  to  volcanic  aotioB, 
which  was  so  energetic  in  its  immediate  vicinity. 

THE  ARCHEAN  AREA. 

This  area  is  continuous  on  tbe  western  side  of  the  district.  It  enters  at  the  nortk 
and  forms  the  axis  of  the  Culebra  Range,  continues  through  the  Taos  and  the  Moca 
Ranges,  and  passes  into  the  Cimarron  Kange  across  the  northern  part  of  the  Coyets 
synclinal.  It  is  very  broad  at  the  north,  though  the  overflows  of  basalt  have  covered 
much  of  it  on  tbe  west  side  of  the  Cnlebra  and  Taos  Ranges.  In  like  manner  it  is  con- 
cealed greatly  in  the  Cimarron  Range  and  to  a  slight  extent  on  the  east  side  of  tbe 
Mora  Range.  Tbe  Santa  F^  and  the  United  States  anticlinals  show  Archean  rocks,  but 
those  areas  are  separated  from  the  main  area  and  lie  wholly  outside  of  the  r^oa 
assigned  for  examination  during  1878. 

The  rocks  within  tbis  area  snow  great  uniformity  in  character.  In  the  Cnlebn 
Range  there  is  much  coarse  gneissoid  granite,  with  here  and  there  some  gn^ss  and 
mica  schist.  But  near  Costilla  Creek  the  general  condition  chan^,  ana  there  tbe 
prevalent  rock  is  dark  gneiss,  very  tine  grained  and  compact,  which  is  not  wholly 
unlike  sandBtone  in  its  general  appearance.  With  this  there  occurs  also  white  qnarts- 
ite  in  broad  bands,  which  is  of  frequent  occurrence  southward  in  the  Coyote  synclinal, 
along  Comanche  Creek  and  the  north  fork  of  Moreno  Creek.  No  chloritic  rocks  wen 
seen  except  on  Costilla  Creek,  where  some  thin  beds  of  those  rocks  occur  in  close  rela- 
tion to  a  dike  of  trachyte. 

In  the  Taos  Range,  exposures  were  found  only  on  the  east  side,  where  coarse  gneissoid 
granite  prevails,  though  here  and  there  one  finds  a  mottled  gneiss,  with  some  beaoti- 
tully  waved  schists  containing  silvery  mica.  A  fine-grained,  somewhat  greasy  gneiss, 
is  frequently  shown  in  the  Moreno  Yalley,  between  the  Taos  Range  and  the  Uimarroa 
Range.  In  the  Cimarron  Range  tbe  gneiss  is  dark,  compact,  and  cleaves  like  wood.  It 
holds  few  streaks  of  quartz,  but  here  and  there  it  shows  blotches  of  gneissoid  granite, 
which  is  extremely  coafs^.  * 
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The  area  of  Archean  rocks  becomes  very  narrow  along  the  Mora  anticlinal  south- 
ward from  Taos  Pass.  The  axis  of  this  anticlinal  does  not  coincide  with  the  topo- 
graphical range  designated  on  the  map  as  the  Mora  Range,  but  lies  between  Mora 
Craek  and  Coyote  Creek,  and  passes  almost  directly  through  the  towns  of  Mora, 
Cebolla,  and  Santo  Nino.  The  exposures  under  this  anticlinal  are  very  distinct.  Along 
the  slope  facing  Coyote  Creek  the  rock  is  fine-grained,  white  gneiss,  containing  siWeiy 
mica.  But  nearer  the  axis  of  the  fold  the  character  changes,  and  the  prevailing  rock 
is  a  fine-grained  gneiss,  so  like  unaltered  sandstone  that  one  examining  only  hand 
specimens  might  well  hesitate  before  positively  assigning  it  a  place.  But  this  rook 
passes  graduiuly  into  a  dark,  micaceous  schist,  or  schistose  gneiss,  and  is  mnch  con- 
torted. It  contains  many  thin  veins  of  quartz.  The  character  of  the  rock  changes 
little  southwiurd  to  the  farthest  point  reached  during  the  season.  Coarse  gneissoid 
granite,  gneiss,  and  micaceous  schists  prevail  everywhere.  The  absence  of  hornblende 
rocks  is  a  noticeable  feature,  none  h;^ving  been  found  anywhere  except  in  the  Mora 
axis,  on  Ferdinand  Creek,  at  a  few  miles  south  from  Taos  Peak. 

Under  the  Santa  F6  axis  a  finegrained,  compact,  and  almost  white  gneiss  was  ob- 
served.   It  seems  to  be  the  only  rock  representing  the  Archean  age  there. 

THE  CARBONIFEROUS  AREAS. 

The  areas  of  Carboniferous  rocks  are  somewhat  disconnected.  The  northern  area 
begins  with  the  district  and  extends  southward  along  the  eastern  slope  of  the  Culebra 
Bulge  to  near  Costilla  Peak,  where  it  ends  somewhat  abruptly. 

Within  this  the  succession  is,  first,  a  mass  of  coarse  reddish  to  grayish  red  sandstones 
and  conglomerates,  in  all  probably  3,000  feet  thick ;  below  this  are  reddish  sandstones 
and  shafes  alternating  with  limestones  and  passing  into  a  coarse  conglomerate  which 
rests  t>n  the  Archean.  No  successive  exposures  were  accessible  whereby  a  detailed 
section  could  be  obtained.  Three  beds  of  limestone  were  observed,  all  of  which  are 
clearly  of  Coal  Measures  age.  The  lowest  of  them,  resting  on  the  lower  conglomerate, 
contains  no  species  except  those  which  may  be  regarded  as  Coal  Measures  forms. 

Near  Costilla  Peak  the  Carboniferous  rocks  run  out  against  the  Metamorphio  rocks. 

The  second  area  is  in  the  Coyote  synclinal,  which  lies  between  the  Cimarron  Range 
and  the  Mora  axis.  Carboniferous  rocks  are  not  present  on  the  east  side  of  the  syn- 
clinal at  the  north,  where  the  Cimarron  axis  is  stronjg^,  but  they  occupy  an  earlier 
trongh  on  the  west  side  of  the  synclinal,  where  they  he  unoonformably  beneath  Da- 
kota rocks.  This  area,  following  the  east  slope  of  the  Mora  axis,  begins  very  near  the 
latitude  of  Elizabethtown  and  continues  southward  to  the  southern  limit  of  the  dis- 
trict. It  is  more  than  probable  that  the  examinations  of  a  succeeding  season  may  show 
that  it  is  connected  with  a  third  area  occupying  the  synclinal  between  the  Mora  and 
Santa  F^  axis. 

The  conditions  within  this  area  are  in  marked  contrast  to  those  observed  in  the  for- 
former  one.  The  coarse  conglomerate,  there  capping  the  series,  is  wanting,  the  rooks 
are  finer  in  grain  in  the  upper  portion,  and  the  limestones  are  increased  in  number  and 
thickness ;  but  the  great  conglomerate  which  was  observed  at  the  base  on  the  Culebra 
Range  has  become  uiicker  and  coarser,  so  that  near  the  northern  exposures  in  this  syn- 
clinal it  holds  huge  blocks  of  the  Archean  rocks.  Here,  too,  it  contains  a  limestone 
about  midway,  wnich,  however,  is  non-fossiliferous. 

Still  farther  south  in  this  synclinal  the  change  is  more  marked,  for  the  ^^reat  con- 
glomerate at  the  base  of  the  series  disappears,  a  siliceous  limestone  rests  directly  on 
the  Archean,  and  limestones  are  still  further  increased  in  number  and  thickness,  so 
that  on  Mora,  Cebolla,  Manuelitos,  and  Sapello  Creeks  the  lower  part  of  the  series  is 
largely  made  up  of  thick  limestone  beds.  A  change  occurs  also  in  the  higher  beds  of 
the  group.  Instead  of  the  coarse  conglomerates  and  the  reddish  sandstone  and  brown- 
ish rod  sandy  ^ales,  which  aro  present  on  the  Culebra  Range  as  well  as  in  the  extreme 
northern  portion  of  the  Coyote  synclinal,  one  finds  a  mass  of  ^ray  sandstones  in  thin 
beds,  separated  by  thinner  beds  of  red  shale,  with  occasional  limestones  in  the  latter. 
This  condition  begins  near  the  head  of  Coyote  Creek  and  continues  southward  as 
far  as  the  season's  work  was  carried.  An  insignificant  area  of  Carboniferous  was  seen 
in  the  heart  of  the  Turkey  Mountains,  whero  the  gray  sandstones  and  red  shales  are 
exposed.  No  limestones  were  observed,  but  Dr.  Newberry  obtained  fragments  of  stig- 
maria  from  these  sandstones,  which  at  once  fixes  their  age. 

The  third  principal  area  occupies  the  synclinal  between  the  Mora  and  Santa  F<^  axes. 
Little  investigation  was  made  in  this  synclinal,  as  it  lies  almost  wholly  beyond  the 
western  limit  of  the  district.  No  detailed  sections  were  obtained  anywhere,  and  the 
examinations,  for  the  most  part,  were  such  as  could  be  made  during  a  hasty  recon- 
naissance. The  Carboniferous  rocks  are  not  reached  in  the  cafion  of  the  Canadian 
River  within  the  district;  and  no  rocks  belonging  to  this  age  were  seen  on  the  west 
side  of  the  Culebra  Range.  Indeed,  they  seem  to  be  absent  from  the  west  side  of  the 
mountains  northward  from  Taos  Peak. 
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THE  JCRA-TBIA0  ABKAS. 

The  Jara-Trias  rooks  are  expoeed  to  bat  a  siteht  extent.  The  lon^peet  conttniuiai 
exposure  is  In  the  Canadian  ana  Mora  caAons,  where  the  series  underlies  the  Dakota 
sandstone  and  has  a  thickness,  as  exposed,  of  abont  850  feet.  A  thin,  bine,  slaljr  fine- 
stone,  without  distinct  fossils,  is  the  hichest  member  of  the  group.  Below  tbii  aie 
sandstones,  gray  and  olire,  with  a  gray&h  limestone  at  the  base,  resting  on  red  Mm 
mottled  with  white. 

A  petty  exposure  exists  in  the  Turkey  Mountains  on  the  east  side,  where  the  rHta, 
as  far  as  seen,  resemble  those  shown  in  the  caAons  of  the  Mora  and  Canadian. 

Within  the  mountain  area  exposures  of  these  rocks  are  very  rare.  The  whole  seriM 
is  evidently  absent  from  the  Cnlebra  Range  as  well  as  from  the  northern  part  of  Hie 
Coyote  STUclinal,  where  the  D^ota  Group  rests  directly  on  the  Carboniferous.  Bit 
these  rocks  do  make  their  appearance  in  that  synclinal  on  Corote  Creek  below  Onsd*- 
Inpita,  and  the  total  thickness  of  the  series  is  not  far  from  700  feet.  In  the  upper  W 
feet  some  impure  limestones  occur,  but  there  is  none  lower  down,  where  only  oom 
sandstone  and  shales  appear. 

But  the  condition  changes  farther  south  within  this  srndinal,  for  on  Mora  Cieek 
the  series  is  represented  by  fine  red  shales  and  fine-grained  sandstones,  the  latter  «e- 
•  of  — 


taining  rows  of  quartz  pebbles.    What  the  character  of  the  rocks  is  on  the  i 
farther  south  was  not  ascertained. 

No  Jura-Trias  rocks  occur  on  the  Mora  anticlinal  or  the  Mora  side  of  the  Coyote  iso- 
clinal. They  are  shown  only  on  the  Cimarron  side  of  that  synclinal.  They  aie  whoDf 
absent  from  the  synclinal  between  the  Mora  and  Santa  F^  anttcUnals. 

THE  DAKOTA  AREAS. 

The  Dakota  Group  is  exposed  in  two  areas ;  the  first  on  the  east  slope  of  the  Culabn 
Range,  from  Cucharas  Pass  at  the  north  to  Costilla  Peak  at  the  south ;  the  second,! 
continuous  though  very  irregular  area  underlying  the  Ocate  mesa  at  the  west,  iDd 
showing  a  continuous  outcrop  along  Coyote,  Mora,  and  other  streams  in  tiie  Coyote 
synclinal,  and  underlying  the  great  Canadian  plains  southward  from  the  head  of  ihe 
Canadian  Cafion.  Indeed,  the  Dakota  is  the  prerailinff  rock  in  the  southern  part  of  tk 
district,  except  where  basalt  OTerfiows  have  concealed  all. 

This  group  is  represented  only  by  sandstone  in  the  northern  area,  where  it  Tari« 
from  fine-giBined  sandstone  to  moderately  coarse  conglomerate.  Smooth  quartz  peb- 
bles are  numerous  in  the  coarser  beds,  and  thin  JilfM  of  quartz  give  a  houeyeesik 
structure  to  the  finer  ones.  No  fossils  of  any  sort  were  observed  here.  The  thidoiM 
is  not  far  from  300  feet. 

In  the  southern  area,  the  eonditions  are  varied.  The  rock  forms  the  rim  id  the 
Canadian  Cafion,  where  it  is  only  sandstone  and  about  650  feet  thiok.  SandifeoM 
alone  was  seen  on  the  Canadian  plains  and  in  the  Long  CaAon  of  the  Mora,  iratai 
Sapello  Creek,  where  the  group  is  turned  up  sharply  below  the  viilaee  of  SafieUo,  tte 
oompoeition  is  quite  different;  for  there  one  finds  shales  and  sandstone  with  mm 
argillaceous  limestone.  The  shales,  however,  appear  to  be  wanting  at  all  expomni 
north  from  Cebolla  Creek,  and  certainly  there  are  no  shales  in  the  Turkey  MonntalBi 
or  on  the  broad  mesa  stretching  from  those  mountains  to  Coyote  and  Mora  Creeks. 

No  coal  was  observed  anywhere  within  rocks  of  this  series ;  the  whole  mass  mOB 
to  be  practically  non-fossiliferous,  and  no  remains  of  plants  or  animi^  were  fftsnd, 
aside  nom  some  indistinct  fuooids  in  thin-bedded  sandstones  at  the  veiy  simmiftof 
the  section. 

THE  COIX>RAI>0  AREAS. 

The  Colorado  Group  of  King  and  Hayden  includes  the  numbers  2,  3,  and  4  of  H«k, 
as  published  by  him  in  the  Memoirs  of  the  Amenoan  Academy  of  Science  in  1856.  Thew 
groups  show  some  variations,  and  at  times  there  seems  to  be  much  difficulty  in  septf* 
atin^  them ;  but  the  Niobrara  and  Fort  Pierre  subgroups,  Nos.  3  and  4,  are  Uioioagblj 
persistent  and  independent.  Some  doubt  may  exist  respecting  the  propriety  of  stft 
arating  the  Fort  Benton  Group,  No.  2,  from  the  Immediately  nnoerlying  Dakota 
These  pass  into  each  other  so  gradually  that  it  is  not  always  possible  to  draw  a  lineof 
separation  between  them. 

The  rocks  of  the  Colorado  Group  are  exposed  first  along  the  east  slope  of  the  Cifo- 
bra  Range  from  the  north  limit  of  the  district  southward  to  Costilla  Peak.  Beyond 
this  southward  the  series  is  buried  under  igneous  overflows. 

Insignificant  patches  of  this  group  remain  in  the  northern  portion  of  the  Coyoto 
synclinal,  but  further  south  the  newer  portion  of  the  synclinal  becomes  exceeding^ 
shallow,  owing  to  the  decreasing  importance  of  the  Cimarron  axis,  and  the  Colorado 
rocks  have  been  almost  wholly  removed  from  it. 
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The  Colorado  rocks  are  finely  shown  on  the  plains  of  the  Canadian  and  Pnrgatory, 
and  they  snrronnd  the  Laramie  area,  forming  part  of  the  bluff  overlooUne  the  plains. 
The  higher  members  of  the  group  fringe  the  Ocate  mesa  almost  to  its  southern  border. 
They  have  been  remoTed  by  erosion  from  a  large  part  of  the  plains  lying  betif een  the 
eafions  of  the  Mora  and  Canadian,  but  extensive  remnants  remain  in  mesas,  many  of 
them  preserved  by  the  hard  cap  of  basalt. 

The  members  of  this  group  show  little  variation  within  the  region  examined.  '  The 
Fort  Bmton  sub-group,  No.  2  of  Meek,  is  rarely  exposed  in  the  Culebra  area,  but  it  is 
fairly  well  shown  near  the  head  of  the  Canadian  Cafion,  on  the  eastern  edge  of  the 
Coyote  synclinal  at  the  south,  as  well  as  at  several  localities  farther  south,  bevond  the 
end  of  the  Cimarron  anticlinal.  At  all  localities  it  is  represented  by  a  very  dark  brown, 
more  or  less  bandy  shale,  which  becomes  more  sandy  toward  the  base  until  it  passes 
imperceptibly  into  the  Dakota  sandstone  belo«ir.  No  fossils  were  found  in  it  aside  from 
the  characterless  f ucoids,  which  belong  alike  to  it  and  to  the  Dakota. 

The  Niohrara  subgroup,  No.  3  of  Meek,  shows  comparatively  little  variation  in 
character.  It  is  represented  bv  bluish,  earthy  limestone,  alternating  with  variegated 
shale,  which,  however,  is  mostly  quite  dark.  The  series  evidently  Incomes  thicker  as 
it  recedes  from  the  old  land  area  of  the  mountains,  for  it  is  not  less  than  700  feet  on 
the  Canadian  plains  along  the  line  of  Cimarron  Creek,  whereas  it  is  much  less  on  the 
side  of  the  Culebra  Range.  The  limestones  are  richly  fossiliferous  at  almost  all  locall- 
tiee,  and  in  all  respects  the  rocksbear  exact  resemblance  to  those  of  the  same  subgroup 
in  Central  Colorado. 

The  Fort  Pierre  sub-Gronp  has  a  thickness  of  probably  1,200  feet,  but  this  could  not 
be  determined  with  accuracy,  as  exposures  in  the  plains  occur  only  along  the  streams. 
These,  though  almost  continuous,  are  not  sufficient  to  show  the  thickness  of  the  group 
satisfactori^.  The  series  consists  of  shales,  varyinsr  from  argillaceous  to  arenaceous, 
brown,  drab,  and  gray,  to  blue  and  almost  black.  For  450  feet  at  the  top,  the  shales 
are  crowded  with  concretions,  calcareous  and  ferruginous.  The  former  occur  higher 
up  than  the  latter,  and  are  more  frequently  fossiliferous. 

This  subgroup  is  best  "exposed  in  and  near  the  blufifo  facing  the  plains  on  the  east 
«ide  of  the  Laramie  area,  it  is  exposed  also  on  the  west  side  of  that  area  along  a  nar- 
row valley  following  the  base  of  the  Culebra  Range,  and  extending  from  Cucharas 
Pass  at  the  north  to  Costilla  Peak  at  the  south.  Through  the  influence  of  the  Ver- 
meio  anticlinal,  its  shales  are  brought  up  within  the  Laramie  area,  on  Vermejo  Creek 
and  on  the  south  fork  of  the  Purgatory  River,  where  they  show  the  same  features  as 
on  the  plains  and  at  the  base  of  the  mountains. 

The  rocks  of  this  subgroup  are  seldom  exposed  within  the  space  represented  on 
fnap  70  C.  They  crop  out  under  the  east  edge  of  the  Ocate  mesa,  under  the  basalt  cap 
of  the  Canadian  Hills,  and  some  insignificant  mesas  have  been  spared  between  CebollA 
and  Sapello  Creeks. 

The  Fort  Pierre  shales  pass  imperceptibly  upward  into  the  Laramie  Group,  there 
being  no  Fox  Hills  Group  in  this  region,  unless  that  include  also  the  Laramie  or  Lig- 
jiitic,  which,  as  seems  to  me.  is  by  no  means  improbable.  The  i  unction  of  the  Laramie 
and  Colorado  Group  is  well  shown  along  the  whole  face  of  the  bluflfo  toward  the 
plains,  as  well  as  along  the  streams  issuing  upon  the  plain  from  the  area  of  the  Lara- 
mie rooks. 

THB  LARAMIB  ARSA. 

The  Laramie  Group  is  exposed  throughout  one  compact  aieai  oo-extensive  with  the 
rolling  region  lying  east  from  the  Cnlebiti  and  Cimarron  Ranges,  between  them  and  the 
plains.  In  the  northern  part  of  the  district  this  area  is  carried  eastward  to  beyond 
Trinidad  by  the  Raton  Plateau,  whose  basalt  cap  has  preserved  the  Laramie  rooks  from 
erosion,  so  that  they  extend  as  far  east  as,  say,  four  milee  beyond  Manoo  Rurro  Pass. 
But  the  eastward  rise  of  the  rocks  makes  the  Laramie  section  very  thin  east  from  the 
line  of  Raton  Pass.  No  Laramie  exists  in  the  plains  north  or  sooth  from  the  Raton 
Plateau,  and  the  final  eastern  outcrop  is  at  nearly  2,000  feet  above  those  plains  imme- 
diately north  from  Manco  Burro  Pass.  The  portion  of  the  area  falling  within  the  dis- 
trict is  not  far  from  1,800  square  miles ;  the  area  extends  north  beyond  the  dis^ct  to 
Onsharas  Creek,  bnt  tapers  in  that  direction,  so  that  the  whole  extent  is  not  more  than 
^200  square  miles. 

This  area  is  cnt  by  many  eafions,  of  whioh  those  made  by  the  Purgatory  Rirer,  Ver- 
mejo, Cimarron,  and  Ponil  Creeks  cross  the  whole  area,  while  Dillon's  Cafion  and  that  of 
4he  Upper  Canadian,  of  Crow  Creek,  and  some  others  expose  the  whole  section  of  the 
Laramie  Group.  Sections  were  made  in  nearly  bAI  of  the  eafions  opening  upon  the  plains 
as  well  as  in  many  minor  eafions  opening  into  those  through  which  the  larger  streams 
iflow.  The  process  of  tying  together  fragmentary  sections  is  far  from  being  simple,  for 
no  limestones  exist  which  may  be  us^  as  horizons,  and  the  sandstones  so  closely 
resemble  each  other  that  they  cannot  be  used  as  more  than  merely  local  guides.  The 
detailed  sections  obtained  during  the  season  will  be  given  in  the  final  report,  though 
it  may  be  thought  best  not  to  encumber  that  report  with  any  sections  except  such  as 
give  direct  information  respecting  the  suooeesion  of  the  beds.    These  indicate  bnt  a 
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small  amoant  of  the  physical  labor  perfonned  in  seooriDg  material  for  a  genermliaed 
section  of  the  group.    This  section  is  as  follows : 

Section  of  Laramie  Oroup.      • 

1.  Sandstones  and  shales ! 44(K 

2.  Coalbed(Z) BlosKim. 

3.  Sandstone  and  shale 77' 

4.  Coalhfd{T) Blosaom. 

5.  Sandstone  and  shale 7^ 

6.  Coal  bed  (X') 2* 

7.  Shale  and  sandstone 45^ 

a  Coal  bed  (X) 4' 

9.  Sandstone  and  shale 26' 

10.  Coal  bed(W) 6' to 4" 

11.  Sandstone  and  shale 47'  to7(y 

12.  Coalb€d{V) 4'  to  10" 

13.  Sandstone  and  shale 30'  to  36* 

14.  Canadian  coal  bed  (U) &  to  4" 

15.  Sandstone  and  shale 26'  to  30* 

16.  Coalbed{T) 6' to  2*6' 

17.  Sandstone  and  shale 13'  to  SO' 

18.  Coal  bed  (8) 4' 3"  to  10" 

19.  Shale  and  sandstone ^' 

20.  Coalb€d{R') 1' 4 

21.  Shale  and  sandstone 25'  to^ 

22.  Caliente  coal  bed{R) 16'  to  1' 

23.  Sandstone  and  shale 30'  to  35' 

24.  Baton  coal  bed  (Q) 3' tol' 

25.  Sandstone  and  shale 25' 

26.  Coal  bed {P) 2' 6"  tor 

27.  Sandstone  and  shale 40^  toSO* 

28.  C^lb€d{0) 10^' 

29.  Sandstone  and  shale 30* 

30.  Coal  bed  (X) 2* 

31.  Sandstone  and  shale 33'  10  43* 

32.  Cameron  coal  bed  (M) 33^  to  4' 

33.  Sandstone  and  shale 22^  to  27 

34.  Coal  bed  {L) 1'  tor 

35.  Sandstone  and  shale 64'  10  70* 

36.  Coal  bed  (K) 3^ 

37.  Sandstone  and  shale 24^ 

38.  Coalbed{J') Bloesom. 

39.  Sandstone  and  shale 44'  to5^ 

40.  Long's  Canon  coal  bed  (J) 8'  tol' 

41.  Sandstone  and  shale 45'  to  88^ 

42.  Coal  bed{I) 2' 6"  to  2' 

43.  Sandstone  and  shale 50' 

44.  Coalbed{H') V 

45.  Sandstone  and  shale ^ GO'  toOO* 

46.  CaVa  Claw  Canon  coal  bed  (H) 5'  to^' 

47.  Sandstone  and  shale 90'  to  111' 

48.  Upper  Vermejo  coal  bed  {G) 2"  to  2 

49.  Sandstone  and  shale ^ 60'  to  120* 

50.  Lower  Vermejo  coal  bed{F) 9'  to  4' 

51.  Shale 12^ 

52.  Coalb€d{E") v 

53.  Shale  and  sandstone 15' 

54.  Coalb^  {E') e* 

55.  Shale  and  sandstone ^' 

56.  Upper  Beilly  coal  bed  (E) 7'  8"  to  2" 

57.  Sandstone  and  shale 18'  to  31' 

58.  Lower  Beilly  coal  bed  {D) 6'  to  2 

59.  Sandstone  and  shale 12'  to  54' 

60.  Willow  Creek  coal  bed  {C) 3'  6"  to  1' 

61.  Sandstone  and  shale 76'  to  100' 

02.  Trinidad  coal  bed  {B) 16' 6"  tol' 

63.  Sandstone  and  shale 20'  to  45' 

64.  Dillon  coal  bed  {A) 16'  6"  to  T 

65.  Shale 1'  to  10" 

6<>.  Ualymenites  sandstone 50-  to  80' 

67.  Shale  and  sandstone 70' 
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The  total  thiokneM  of  this  groap  is  not  far  from  1,800  feet.  The  intervals  hetween 
the  coal  beds  vary  greatly  and  the  beds  themselves  are  subject  to  sadden  and  unsatis- 
factory variations  both  in  thickness  and  character.  Some  variations  in  the  intervals 
may  be  fonnd  inexact,  as  aneroid  barometers  do  not  always  act  with  absolute  accu- 
racy, but  the  most  noteworthy  variations  occur  within  short  distances  and  under  cir- 
camstances  wbich  render  error  in  identification  of  the  beds  almost  impossible.  '  Details 
respecting  the  several  beds  will  be  given  in  my  report  in  the  chapters  devoted  to  local 
geology.  It  is  necessary  therefore  to  give  in  this  place  only  a  few  notes  respecting  the 
more  important  members  of  the  series. 

The  JHUon  coal  bed  (J)  is  best  shown  on  Dillon^s  Cafion,  a  tributary  to  the  Canadian, 
where  the  bed  has  been  worked.    At  one  exposure  in  this  calion  the  bed  shows— 

Coal,  4"  ;  shale,  20"  ;  carb.  shale,  16"  ;  coaly  14"  clay,  1"  ;  coal,  3'  4". 

Thus  giving  4'  6"  of  coal  in  one  available  bench.  At  another  exposure  the  same  bed 
shows  two  benches  of  coal,  but  the  coal,  though  greater  in  quantity,  is  not  so  advan- 
tageously disposed  as  the  other  exposure.  This  bed  is  thoroughly  persistent  as  a  large 
bed,  though  it  is  not  unfrequently  worthless  and  degenerates  into  carbonaceous  shale. 

The  Trinidad  coal  bed  attains  its  greatest  importance  in  the  neighborhood  of  Trini- 
dad, Col.,  where  it  is  mined  by  the  Denver  and  Rio  Grande  Railway  Company  for 
shipment  and  by  others  for  local  use.  It  has  been  opened  near  Raton  Pass,  directly 
under  the  Raton  anticlinal,  by  the  Scandinavian  Company,  for  shipment.  At  Trinidad 
it  shows  seveu  divisions  of  coal  and  shale  or  clay,  with  a  total  thickness  of  somewhat 
more  than  19  feet.  But  the  refuse  layers  thicken  rapidly  southward,  so  that,  at  an 
exposure,  say  three  miles  from  Trinidad,  the  same  seven  divisions  are  shown,  but  the 
thickness  has  increased  to  54'  8",  while  at  the  Scandinavian  Company's  mines  the  thick- 
ness is  66'  6".  The  important  part  of  the  bed  is  the  fiftb  division,  which  shows  5'  5"  of 
coal  at  the  Rio  Grande  mines,  6'  at  the  exposure  on  Raton  Creek,  and  9'  6"'at  the  Scan- 
dinavian Company's  mines.  The  other  benches  of  coal  show  a  similar  thickening,  an^ 
the  total  of  coal  in  the  several  measurements  is  7',  6'  10",  10'  10",  and  19'  6",  the  last 
being  at  the  mines  of  the  Scandinavian  Company. 

The  coal  from  this  bed  is  excellent  for  gas  making,  and  it  is  shipped  for  that  purpose 
to  the  large  cities  of  Colorado.  The  **  slack  "  is  coked  near  Tnnidad  in  beehive  ovens, 
and  the  coke  finds  a  ready  market  in  the  mining  regions  of  Colorado,  where  it  has  dis- 
placed that  from  Connellsville,  Pa. 

Of  the  other  coal  beds,  those  lettered  D,  £,  F,  J,  M,  Q,  R,  and  U  ace  locally  impor- 
tant, but  their  variations  are  so  great  that  they  need  not  be  discussed  here.  The  vari- 
ations in  gross  thickness  are  due  in  many  cases  to  thickening  of  the  refuse  layers. 

The  sandstones  of  the  group  are  usually  fine-grained,  yellowish  gray  and  massive, 
but  these,  like  the  coal  beds,  are  liable  to  great  variations,  and  only  those  overlying 
coal  beds  F,  G,  H,  with  those  at  the  top  and  base  of  the  series,  can  be  regarded  as  alto- 
gether persistent.  Irregular  layers  of  limestone  occur  in  several  of  the  sandstones  as 
far  up  in  the  section  as  the  Long*a  Cafion  coal  bed.  In  these  the  rock  is  blue  on  fresh 
surface,  but,  being  ferruginous,  weathers  yellow.  No  animal  remains  were  observed  in 
the  higher  rocks,  aside  from  indistinct  impressions  of  a  cardiuniy  apparently  the  same 
with  the  one  which  occurs  in  the  Halymenites  sandstone  at  the  base  of  the  group.  But 
in  all  the  fiaggy  layers  of  the  sandstones  impressions  of  leaves  are  numerous. 

The  Halifmenites  sandstone  is  so  named  because  it  is  characterized  by  great  abund- 
ance of  Halymenites  major,  a  f'^ssil  not  found  higher  up  in  the  series  at  any  but  one 
locality.  The  sandstone  is  gray  to  yellowish  gray,  moderately  coarse  in  gradn,  hold- 
ing some  pockets  of  conglomerate,  and  everywhere,  except  in  Dillon's  CaHon,  showing 
vast  numbers  of  the  nodose  fucoid,  from  which  I  have  given  the  name.  It  passes 
downward  into  the  brownish  shales  and  sandstones,  which  in  turn  merge  almost  im- 
perceptibly into  the  shales  of  the  Fort  Pierre  Group  below. 

TERTIARY  AND  QUATERNARY  AREAS. 

The  distinction  between  the  Tertiary  and  the  Quatenary  has  not  been  determined 
for  this  district,  and  much  work  still  remains  to  be  done  before  I  can  assert  what 
should  be  regarded  as  Tertiary  and  what  should  be  classed  as  Quatenary. 

On  the  Canadian  plains  and  on  the  mesas  within  the  area  of  the  Mora  River,  one 
frequently  sees  a  chalky  marl  immediately  underlying  the  thin  recent  deposit  cover- 
ing the  plains.  This  has  a  travertin -like  structure  and,  as  far  as  ascertained,  contains 
no  fossils.  It  occupies  depressions  in  the  Dakota  sandstone ;  at  least,  it  was  observed 
only  under  such  circumstances  at  thesopth.  but  it  is  present  over  a  so  great  extent  of 
country  that  its  existence  cannot  be  due  to  any  merely  local  causes.  A  similar  tufa- 
ceons  deposit  occurs  along  the  South  Platte  River  as  far  as  Greeley,  where  it  underlies 
the  superficial  deposit  as  it  does  between  the  Mora  and  the  Canadian  Rivers.  It  is 
hoped  that  during  the  coming  season  the  real  relation  of  this  limestone  to  the  Santa 
F^  marls  will  be  ascertained. 

A  curious  coufflomerate  occurs  along  the  west  face  of  the  Cnlebra  Range  from  Cos- 
tilla Creek  northward  to  beyond  Fort  Garland.  It  begins  at  the  plains  and  reaches 
Q^  into  the  mountain  gorges,  forming  a  series  of  brownish-red  foot-bills,  rising  in  the 
bighest  to  10,000  feet  above  tide.    These  gravels  are  of  comparatively  recent  origin, 
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for  they  rest  on  basalt  which  flowed  over  the  region  at  a  very  late  period  in  the  Tcr 
tiar^ ;  bO  that  they  must  date  from  very  near  the  close  of  the  Tertiary  or  from  the 
beginning  of  the  Quaternary. 

Farther  south  along  the  range,  these  gravels  or  somewhat  similar  ones  were  ob- 
served far  np  in  the  mountains  at  the  head  of  Ferdinand  Creek  and  along  the  various 
forks  of  Frijole  Creek,  streams  flowing  to  the  Rio  Grande  through  Taos  Creek.  Alonsr 
the  north  fork  of  Ferdinand  Creek  the  gravels  are  stratified  and  are  composed  wholly 
of  debris  from  volcanic  rocks,  including  even  the  latest  of  the  basalts.  Some  of  the 
layers  are  fine-grained,  while  others  are  conglomerate  with  great  pebbles.  On  the 
south  fork  of  Ferdinand  Creek,  as  well  as  on  the  forks  of  Frijole  Creek  and  on  Jonta 
Creek  further  south,  the  d^bnn  seems  to  contain  only  material  derived  from  the  Ar- 
chean  and  Carboniferous.  On  both  streams  the  accumulation  reaches  to  more  than 
9,000  feet  above  the  sea. 

By  some  geologists  these  gravels  have  been  referred  to  lake  deposits.  In  several 
localities  there  can  be  no  doubt  that  such  was  their  origin ;  but  in  several  other  local- 
ities there  seems  to  be  almost  equal  certainty  that  they  owe  their  origin  to  some  other 
«gency>    This  question  will  be  carefully  examined  during  the  coming  season. 

THE  ERUPTIVE  AREAS. 

A  large  part  of  the  district  is  covered  by  rocks  of  igneous  origin,  and  a  collection 
was  made  which  illustrates  fairly  well  the  varieties  observed. 

A  basalt  sheet  covers  the  Raton  Plateau,  and  reaches  down  into  the  valleys  within 
the  plateau,  as  well  as  into  the  plains  hundreds  of  feet  below  the  top  of  the  platean. 
This  is  but  part  of  a  great  basaltic  area,  stretching  eastward  beyond  the  limits  of  the 
district. 

The  second  great  area  of  basalt  is  on  the  Ocate  mesa.  It  extends  southward  from 
the  canon  of  Rayado  Creek  almost  to  Fort  Union.  It  stretches  westward  from  the 
Canadian  plains  to  Coyote  Creek,  whose  valley  at  one  time  was  tilled  by  the  flow. 
Outliers  of  4his  area  are  seen  in  the  Canadian  Hills. 

A  third  area  is  at  the  southern  extremity  of  the  Turkey  Mountnins,  near  Fort  Union. 
This  is  but  of  limited  extent,  and  includes  at  present  little  more  than  the  volcano  at 
the  edge  of  the  mountains.  But  a  stream  of  basalt  flowed  from  this  volcano  down  an 
arroyo  to  the  cnnpn  of  the  Mora  River,  thence  along  the  caHon  to  its  junction  with  that 
of  the  Canadian  Kiver,  and  backed  up  in  the  latter  caHon  for  fully  three  miles. 

Much  of  this  basalt  issued  in  the  form  of  massive  eruptions.  Dikes  are  nnoieroos 
in  the  Raton  area,  and  some  were  seen  west  from  Raton  Pass  in  the  Lignitic  area, 
many  of  them  occurring  as  sheets  intercalated  between  the  strata  of  the  Laramie 
Group.  But  not  all  of  the  basalt  was  poured  out  in  this  way.  Three  volcanic  cones 
remain  in  the  Raton  area,  on  the  Capulin  Vegas,  at  only  six  or  seven  miles  beyond  the 
eastern  edge  of  the  district.  They  are  known  as  the  "Mountains  with  Holes  in  the 
Top.''  A  volcano  existed  on  the  Ocate  mesa,  whose  cone  still  preserves  its  form.  But 
in  all  probability  only  a  small  part  of  the  basalt  covering  the  Ocate  mesa  and  filliog 
np  most  of  the  old  valleys  within  that  space  issued  from  this  volcano.  It  is  altogether 
probable,  however,  that  the  Turkey  Mountain  volcano  was  the  source  of  most,  if  not 
all,  of  the  basalt  poured  out  in  that  part  of  the  district,  for  no  traces  of  the  rook  exist 
except  in  direct  lines  of  flow  from  that  crater. 

Light  colored  lavas  of  earlier  date  prevail  in  the  mountainous  area,  though  a  great 
basalt  overflow  covers  much  of  the  western  slope  of  Culebra  Range,  and  reaches  across 
the  Rio  Grande  Valley.  The*  western  slope  of  the  Taos  Range,  as  far  as  could  be  asc^- 
tained  during  a  hasty  examination  at  the  close  of  the  season,  is  covered  by  eruptive 
rocks,  basalts,  trachytes,  and  rhyolytes;  but  no  detailed  examinations  were  made 
there. 

Enormous  dikes  of  trachyte  were  seen  on  Costilla,  Comanche,  and  Moreno  Creeks. 
Patches  of  the  same  rook  were  observed  on  the  east  slope  of  the  Culebra  Range  near 
the  head  of  Vermejo  Creek,  and  a  small  patch  within  the  Laramie  area  stretches  from 
the  south  fork  of  the  Purgatory  River  to  Vermejo  Creek.  But  the  great  body  of  tea- 
chytic  rocks  centers  in  the  Old  Baldy  Mountains  at  the  headwaters  of  the  several 
streams  forming  Cimarron  Creek.  Two  great  dikes  are  shown  in  the  upper  caiion  of 
that  creek.  The  overflow  from  these  forms  the  mass  of  Old  and  Little  Baldy  and 
covers  the  high  mountains  between  Cimarron  and  Rayado  Creeks.  Many  dikes  extend 
northward  from  this  center  into  the  Laramie  area  and  into  the  narrow  park  following 
the  east  base  of  the  Culebra  Range.  Costilla  Pekk  is  a  fragment  of  an  overflow  be- 
longing to  this  group,  as  also  is  Bare  Cone,  near  by. 

The  study  of  the  rock  collections  has  not  been  completed. 

SURFACE  GEOLOOY. 

Many  important  facts  have  been  gathered  with  reference  to  [the  surface  geology  of 
the  district ;  but  a  synopsis  of  them  cannot  well  be  made,  and  I  must  defer  any  stattf^ 
ment  respecting  them  until  the  full  discussion  can  be  given. 
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t 
ECONOMIC  GEOLOGY. 

As  directed  by  you,  I  have  made  careful  notos  respecting  the  capatSilities  of  the  region 
for  settlement,  including  under  this  head  the  distribution  of  timber,  grazing  and  farm- 
ing land.    These  matters  will  be  discnased  in  the  final  report. 

No  important  mines  of  gold  or  silver  were  seen.  Fine  placer  gold  mines  exist  in  the 
Moreno  Valley,  and  quartz  mining  for  gold  has  been  carried  on  extensively  along  the 
east  side  of  Old  Baldy.  But  both  the  quartz  and  the  placer  mines  have  become  unim- 
portant, the  former  through  failure  of  the  ore  deposits  and  the  latter  through  failure 
of  the  water^upply. 

Abandoned  quartz  mines  are  reported  as  occurring  on  Colorado  Creek,  but  no  ex- 
aminations could  be  made  there,  for  when  the  locality  was  reached,  the  rocks  were 
deeply  buried  under  snow,  and  the  season's  work  was  practically  closed. 

Appendix  K  (sub). 

preliminary  report  of  a  special  geological  party  operating  in  colorado  and 

NEW  MEXICO,  FIELD  SEASON  OF  lc<79,  BY  PROF.  JOHN  J.  STEVENSON,  AjSSISTANT. 

University,  New  York  City, 

August  15,  1879. 

Sir  :  I  desire  to  submit  the  following  supplementairy  report : 

In  order  that  some  gaps  in  the  work  of  1^8  might  be  filled,  a  party  was  prepared  for 
me  at  Fort  Garland,  which  entered  the  field  on  May  20, 1879,  ana  was  disbanded  on  its 
arrival  at  Fort  Union  on  June  24.  Very  material  favors  were  received  at  Fort  Gar- 
land, Fort  Union,  and  Santa  F6,  whereby  the  brief  season  was  rendered  a  profitable 
one,  and  many  thanks  are  due  to  the  officers  at  those  poets. 

The  route  followed  led  from  Fort  Garland  to  Fort  Union  by  way  of  the  Red  River 
Pass,  from  Fort  Union  to  Santa  F6  by  way  of  Galisteo,  and  thence  to  Fort  Union  by 
way  of  the  old  Santa  F^  trail  and  Las  Vegas. 

In  accordance  with  your  instructions,  the  economic  interests  of  the  region  were  care- 
fully studied,  and  these  will  be  fully  discussed  in  the  final  report.  The  mines  of  the 
Placer  Mountains  and  of  Los  Cerillos,  both  in  the  vicinity  of  Galisteo  Creek,  were  vis- 
ited. The  former  are  now  as  they  were  when  visited  by  Dr.  Wislizenns  thirty  years 
ago,  and  very  little  work  is  done.  The  water  supply  is  uncertain,  and  at  best  is  too  limited 
to  permit  the  mines  to  become  of  ^reat  importance.  The  latter  are  still  too  new  and 
undeveloped  to  permit  one  to  speak  positively  respecting  their  future.  At  the  same 
time  it  wiU  not  oe  amiss  to  say  that  the  developments  thus  far  are  comparatively  in- 
significant and  by  no  means  such  as  the  newspaper  accounts  had  led  me  to  expect. 
The  indications  at  the  time  the  region  was  examined  were  quite  indifferent,  ana  the 
old  Spanish  mines  were  far  from  being  so  extensive  as  the  ordinary  reports  allege. 

Detailed  examinations  were  made  to  ascertain  the  geologv  of  the  Galisteo  area, 
where  an  unexpectedly  complicated  strtictare  was  discovered ;  but  it  is  hoped  that 
the  result  of  this  investigation  will  be  to  remove  much  of  the  uncertainty  which  has 
prevailed  respecting  the  relations  of  the  groups. 

The  study  of  the  complicated  trough  ^tween  the  Cimarron  and  Mora  axes,  desig- 
nat.ed  in  the  report  as  the  Coyote  synclinal,  has  been  completed,  and  numerous  cross- 
sections  have  been  obtained,  which  will  serve  to  exhibit  its  peculiar  features.  Addi- 
tional information  was  procured  which  will  lead  to  a  modification  of  the  views  ex- 
pressed in  the  report  respecting  the  extent  of  the  Cimarron  anticlinal.  The  general 
structure  of  the  mountain  area  has  been  worked  ont  and  the  relations  of  the  axes  are 
clear.  « 

The  relations  of  a  huge  mass  of  rocks  underlying  the  Colorado  s}iales  and  consist- 
ing of  two  ffreat  sandstone  groups  separated  by  a  group  of  shale  are  somewhat  ob- 
scure. The  lower  and  the  middle  portions  have  been  regarded  as  Triassic  or  as  Jura- 
Trias  by  those  who  have  preceded  me  in  the  study  of  this  region ;  but  for  reasons  to 
be  jy^iven  in  the  final  report  it  may  be  best  for  the  present  at  least  to  include  the  whole 
series  in  one  and  to  apply  to  it  the  name  Dakota,  The  group  may  be  divided  into  the 
Upper,  Middle,  and  Lower  Dakota,  and  for  the  present  it  may  be  regarded  as  belong- 
ing wholly  to  the  Cretaceous.  At  the  same  time  this  reference  to  the  Cretaceous  must 
be  regarded  as  provisional,  for  a  positive  reference  is  ndt  justifiable  in  the  absence  of 
fossils  with  definite  relations. 

Unfortunately  time  did  not  permit  any  examination  of  the  west  slope  of  the  Santa 
¥€  Range,  and  the  western  limit  of  Archeau  there  is  conjectural. 
Very  respectfully,  yours, 

J.  J.  Stevenson. 

Capt.  George  M.  Wheeler, 
In  charge. 


Digitized  by 


Google 


2260  BEPORT   OF   THE   CHIEF   OF  ENGINEERS. 


Appendix  L. 

ornithological  report  from  observations  and  collections  made  in  portioxs 
of  caufornia,  nevada,  and  oregon,  by  assistant  h.  w.  henshaw. 

United  States  Engineer  Office, 
Geograpbical  Surveys  West  of  tme  IOOtu  Meridl^n, 

Washington,  D,  C,  AprU  21,  1879. 
Sir  :  I  have  the  hoDor  to  transmit  the  following  report  upon  the  ornithology  of  tbe 
regions  visited  by  me  during  the  field  seasons  of  1877  and  1)^8. 
Very  respectfully,  your  obedient  servant, 

H.  W.  Henshaw. 

Capt.  George  M.  Wheeler,  U.  S.  A., 

Coiya  of  Engineers,  in  charge* 


The  present  report  includes  an  enumeration  of  the  birds  met  with  during  the  field 
seasons  of  1877  and  1878  by  the  writer,  with  more  or  less  extended  notices  of  tbeir 
habits,  relative  abundance  or  scarcity,  extent  of  habitat.  &c.,  &o.,  from  original  field- 
notes  and  observations.  To  but  a  limited  extent  has  it  oeen  thought  advisable  to  de- 
part from  the  rule  of  including  only  results  accruing  directlv  from  the  expedition,  and 
to  indicate  briefly  general  facts  respecting  the  distribution  of  species  elsewhere,  ascoai- 
pared  with  the  region  under  consideration.  In  the  instance  of  a  number  of  the  pii2- 
zlins  forms  met  with,  a  careful  study  has  been  made  of  their  relations  with  aUied 
species  and  the  results  included  in  the  present  connection ;  but  in  the  main,  the  nctM 
bear  directly  upon  the  area  included  in  the  examinations  of  the  survey  for  the  ivsm 
specified.  -  ^r:;; 

In  1877,  field-work  in  connection  with  Party  No.  1,  California  Section,  extended  fioiB 
the  12th  of  May  to  the  1st  of  October.  The  following  year  and  with  the  same  partj, 
the  interval  between  July  18  and  October  1  constituted  the  field  season.  Unfom- 
nately  in  the  latter  year  work  began  at  so  late  date  that  the  much  desired  opportunity 
was  lost  of  presenting  in  the  present  report  a  full  account  of  the  very  conatderaUe 
number  of  species  inhabiting  tnis  region,  of  whose  nesting  habits  little  or  nothing  is 
known.  The  notes  therefore  that  bear  upon  this  part  of  the  birds'  histories  were  (Ay- 
tained  during  the  early  portion  of  but  a  single  season. 

The  routes  followed  during  the  two  years  amounted  practically  to  a  continaous  lio« 
from  Carson,  near  the  western  border  of  Nevada  and  a  little  south  of  the  Central  Pa- 
cific Railroad,  to  The  Dalles,  on  the  Columbia  River.  A  considerable  portion  of  tk 
time  was  spent  in  the  mountains,  but  more  in  the  valleys  and  on  the  plains  that  lie 
at  their  eastern  bases.  Thus  opportunity  wias.  had,  so  far  as  the  necessities  of  tbe 
topographical  parties  to  which  the  writer  has  usually  been  attached  would  permit, 
to  make  a  comparative  study  of  the  birds  of  the  several  sections  entered.  Taken  in 
connection  witn  what  has  hitherto  beeu  accomplished  in  the  same  region,  and  e^tee- 
ially  with  the  very  valuable  report  of  Dr.  J.  C.  Newberry,  made  in  18&,  it  is  thought 
that  the  avifauna  of  the  eastern  slope,  in  its  general  features,  may  be  considered  as 
pretty  well  made  out.  Perhaps  a  brief  glance  at  the  area  covered  in  the  present  report, 
in  its  relations  to  contiguous  regions,  may  be  of  interest. 

The  Sierra  Nevada  of  California,  in  its  entire  length,  and  the  Cascade  MoantaiMoi 
Oregon  form  essentially  a  continuous  chain  of  peaks,  which  constitutes  the  first  reil 
obstacle  tcTthe  extension  of  animals  and  plants  to  the  westward  that  is  •encountered 
after  the  main  chain  of  the  Rocky  Mountains,  the  *' backbone''  of  the  continent,  has 
been  passed.  So  far,  at  least,  as  the  extension  of  birds  is  concerned,  it  appears  to  be 
an  extremely  effectual  one,  and  the  rocky  barrier  thus  constituted  may  be  taken  as 
limiting  with  precision  the  Middle  Faunal  Province. 

Attention  has  elsewhere*  been  called  to  the  fact  that  the  influence  of  the  Pacific 
province  is  visible  in  the  birds  of  the  eastern  slope,  and  the  conclusion  drawn  from  • 
study  of  its  avian  life,  that,  while  by  no  means  a  typical  portion  of  that  province,  it  is 
yet  sufficiently  dashed  by  Pacific  province  forms  as  to  more  properly  be  included  in 
that  zooloj^ical  division  rather  than  with  the  middle  region.  The  number  of  species 
and  varieties  of  birds  typically  representing  the  Pacific  province  that  are  found  alopi: 
the  eastern  slope  is  not  very  great,  since,  of  course,  they  are  limited  to  mountain-in- 
habiting forms  that  constitute  but  a  small  proportion  of  the  aggregate  number  be- 
longing thereto.  On  the  other  hand  I  know  of  but  four  species  strictly  attributable  to 
the  middle  region  that  reach  into  the  mountains  of  the  eastern  slope,  viz,  TvirduapalUin 
auduhoniy  Carpodacus  cassinif  Pica  melanoleiica  hudsonicaj  and  Tetrao  obscnrua.    That  tbe 
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number  shoald  be  so  small  seems  at  first  thongbt  strange,  when  it  is  remembered  that 
the  lowelevations  Jnst  east  of  the  mountains  are  nnmistakably  middle  province  in  Uie 
character  of  their  avifauna. 

With  reference  to  the  (geological  structure  of  the  Deschutes  Basin  and  other  areas 
just  east  of  the  Sierra  and  Cascade  Ranges,  Dr.  Newberrv  affirms  their  intimate  con- 
nection with  the  Rocky  Mountain  Desert ;  nor  in  considering  the  flora  and  fauna  of 
these  areas  does  he  fail  to  note  many  examples  that  serve  to  indicate  their  closer  affin- 
ity to  the  Rocky  Mountain  region  than  to  the  Pacific. 

In  the  case  of  birds  the  physical  obstacles  to  be  surmounted,  formed  by  the  high 
monntain  crests,  although  doubtless  not  without  eft'ect,  have  probablv  far  less  to  do 
with  the  absolute  limitation  of  species  than  has  the  check  offered  by  the  conditions  of 
a  difi'erent  climate,  with  the  consequent  change  in  plant  and  insect  life  which  this  im- 
plies. The  region  west  of  the  mountains  has  a  large  mean  annual  rainfall,  the  effect 
of  which  upon  plant  and  animal  life  is  further  maintained  during  the  dry  season  by 
the  accession  of  moisture  from  the  ocean ;  but  the  moisture-laden  winds  are  finally 
robbed  as  they  pass  eastward  over  the  summits  of  the  mountains,  and  they  reach  the  dis- 
tant interior  dry  and  without  life-giving  power.  As  a  consequence,  and  in  connec- 
tion with  its  volcanic  character,  the  interior  plateau  country,  almost  rainless  during 
the  summer,  is,  for  the  most  part,  dry  and  barren  in  the  extreme.  The  oases,  in  fact, 
in  this  general  desert  are  limited  to  the  areas  which,  through  geological  disturbances, 
have  been  uplifted  to  a  sufficient  height  to  intercept  cloud  moisture ;  and,  in  addi- 
tion, the  banks  of  the  streams,  which  afford  restrictea  ground  for  the  growth  of  vegeta- 
tion, and  through  it  a  home  for  animal  life.  With  the  above  well-defined  differences 
of  climate,  it  is  not  surprising  that  a  corresponding  change  in  the  flora  and  fauna  of 
the  two  regions  is  observable. 

Although,  as  stated,  the  Sierra  and  Cascade  Ranges  present  in  the  main  a  continuous 
chain,  its  continuity  is  interrupted  in  several  places,  the  Columbia,  the  Klamath,  and 
the  Pitt  Rivers  breaking  through  its  wall  in  their  progress  to  the  Pacific.  Nevertheless, 
the  presence  of  the  natural  passes  thus  afforded  does  not  appear  to  have  a  marked 
effect  upon  the  distribution  of  birds  and  mammals,  if,  indeed,  it  is  to  be  detected  at  all. 
The  narrowness  of  their  cafions,  flanked  as  they  are  in  the  case  of  the  Columbia  by 
extremely  dense  coniferous  woods,  and  of  the  others  by  an  inhospitable  desert-like 
country,'  would  probably  have  an  effect  in  preventing  the  passage  of  species  back  and 
forth,  were  there  no  other  existing  cause.  But,  as  remarked  before,  probably  the  main 
obstacle  is  to  be  found  in  the  different  climates  of  the  two  regions.  Those  species 
habituated  to  the  warmer,  more  equable,  and  moist  climate  of  the  Pacific  side,  find  to 
a  country  covered  with  profuse  vegetation,  would  naturally  be  repelled  by  the  harsher 
climate  and  dry,  desolate  country  to  the  eastward;  while  saoh  as  are  inured  to  the 
latter  conditions  would  find  the  former  equally  unattractive.  As  further  evidence  that 
it  is  chiefly  the  clinate  and  the  conditions  resulting  therefrom  that  limit  the  range  of 
birds,  and  not  the  mere  physical  barriers  ottered  by  mountain  chains,  it  may  be  remarked 
that  by  no  means  the  same  amount  of  difference  is  to  be  observed  between  the  birds  of 
the  regions  that  lie  contiguous  to  the  eastern  and  western  slopes  of  the  Rocky  Mountains  ' 
that  is  to  be  noted  here.  And  we  may  safely  infer  that  the  very  marked  faunal  simi- 
larity of  the  latter  sections  is  largely  due  to  the  corresponding  similarity  of  climates, 
the  Rocky  Mountains  appearing  to  ^ave  little  or  no  effect  in  limiting  the  range  of 
birds  and  mammals. 

In  a  region  possessing  the  forbidding  aspect  of  that  to  tue  east  of  the  Sierras,  it 
might  be  inferred  that  the  sum  total  of  bird  life  would  be  rather  small.  In  general, 
t^is  is  true ;  but  along  the  streams  there  is  usually  to  be  noticed  a  rather  marked  con- 
centration of  species,  while  in  some  favored  localities  the  number  also  of  individuals 
is  great.  The  mountainous  districts,  with  their  heavy  growth  of  conifers  and  decidu- 
ous shrubs,  as  well  as  their  profusion  of  annual  plants,  which  up  to  a  certain  limit  ac- 
company the  increased  amount  of  rainfall,  form  the  home  of  numerous  species  not 
found  elsewhere.  In  fact,  the  more  favorable  localities  in  the  mountains  form  the  best 
collecting  grounds  for  the  naturalist. 

A  somewhat  special  type  of  country  was  entered  during  the  past  season  in  the  Des- 
chutes River  region,  the  general  watershed  of  which  stream  has  elsewhere  been  termed 
the  '*  Deschutes  Basin."  As  it  is  peculiar  in  some  of  its  aspects,  this  region  merits  brief 
mention.  With  a  general  elevation  of  about  4,000  feet  above  sea-level,  much  of  this  area 
is  covered  by  a  uniform  ^owthof  the  yellow  pine  ( Pin  us  jMndei'osa)^  which  appears  to 
thrive  wonderfully  well  m  the  light  soil  of  pulverized  pumice.  From  the  fact  that  the 
water  supply  is  extremely  limited  and  occurs  for  the  most  part  only  as  small  springs  or 
'  in  water- holes,  very  few  shrubs  and  plants  are  able  to  maintain  existence,  and  a  hardy 
kind  of  grass  alone  covers  the  soil  with  a  scanty  growth.  So  far  as  birds  are  concerneo, 
itr would  be  difficult  to  realize  a  more  complete  type  of  desert  than  is  here  presented. 
For  days  in  succession,  I  have  ridden  throngh  these  forests,  the  mules  each  step  sink- 
ing above  the  fetlock  in  the  treacherous  dust,  which,  rising  in  clouds,  marked  the 
route  of  the  party  as  by  a  column  of  smoke,  scarcely  seeing  or  hearing  a  bird.  The 
rare  note  of  a  woodpecker  or  nuthatch,  or  the  chirpings  of  a  few  venturesome  snow- 
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birds,  a1oD6  broke  the  sileoce  of  the  woods.  Even  alone  the  banks  of  the  Deschntes 
there  was  noticeable  at  the  time  of  my  visit,  in  September,  a  remarkable  poverty  of 
birds.  This  I  attribated,  in  the  lack  of  other  apparent  causes,  to  the  fact  that  the 
shmbbery  of  its  banks  consisted  only  of  willows,  while  a  heavy  growth  of  coarse  grass 
replaced  the  bright  flowers  and  varied  vegetation  of  higher  altitudes. 

Notable  as  are  these  forest  deserts  for  absence  of  bird-life,  they  yet  form  the  home 
for  thousands  of  mule-deer  and  antelope.  The  former,  although  generally  dispersed, 
center  in  greater  numbers  in  certain  spots,  which  are  regulated  probably  by  their  ac- 
cessibility to  water,  and  not  a  day  passed  without  many  being  started  by  our  train. 

The  mule-deer,  as  nearly  as  we  could  learn,  reaches  only  into  the  monntains  of  the 
eastern  slope,  and  does  not  pass  the  summit ;  a  somewhat  singular  fact  in  regard  to 
its  distribution,  since  it  reaches  quite  to  the  coast  in  the  region  south  of  San  Francisco. 
To  the  west,  in  Northern  California  and  Oregon,  it  is  replaced  by  the  Pacific  black-tailed 
deer  (C.  oolumhianus).  This  animal,  while  in  the  main  confined  to  the  region  west  of 
the  monntains,  was  ascertained  to  cross  the  range  at  a  number  of  points  and  inhabit 
the  same  sections  as  the  C.  macroiia.  This,  however,  is  the  exception  rather  than  the 
rule,  the  eastern  slope,  as  a  rule,  appearing  to  be  free  from  its  presence. 

Along  the  Dechntes  River  we  met  with  the  white-tailed  deer,  the  so-called  C.  /#«- 
curus.  In  comparison  with  the  mule-deer  it  was  not  numerous,  and  its  range  appeared 
to  be  confined  to  the  river-bottom  and  to  the  forest  closely  adjacent. 

The  antelope,  typically  an  animal  of  the  open  grassy  plains,  concent ratfs  more  in 
the  ''deadenings,'' which  are  often  of  many  hundred  acres  in  extent,  or  live  in  the  sec- 
tions where  the  pines  dwindle  awav  and  are  replaced  by  a  growth  of  oedar.  Still, 
they  were  not  infrequently  met  with  in  the  pine  woods,  their  haunts  here  thus  fur- 
nishing a  strong  contrast  to  the  usual  home  of  the  species  further  east. 

In  connection  with  my  work,  my  grateful  thanks  are  due  for  the  many  courtesies 
and  very  material  assistance  rendered  by  my  friend  Mr.  H.  G.  Parker,  of  Carsoo,  Kev. 
I  am  also  greatlv  indebted  to  Maj.  J.  M.  Norvall,  at  the  time  of  my  visit  in  command 
of  Camp  Bid  well,  for  the  generous  hospitality  received  at  his  hands.  During  my  stay 
with  him  every  possible  aid  to  my  investigations  was  freely  extended.  I  would  also 
gratefully  mention  the  aid  received  from  my  friend  Mr.  Robert  Rid^way,  of  the  Smith- 
sonian Institution,  in  the  shape  of  facilities  extended  in  connection  with  the  stndy 
of  specimens,  as  also  for  man^  valuable  suggestions. 

TURDID^— Thrushes. 

TuRDUS  Linnaaus. 

T.  migratoriua  propinqmts  Ridgw.    Western  Robin. 

This  variety  of  the  common  robin  is  found  throughout  this  whole  region  as  a  sum- 
mer visitant,  and  is  more  or  less  abundant  according  to  special  locality.  In  Nevada, 
the  bulk  of  individuals  arrive  from  the  south  in  March,  and  spend  the  early  spring  in 
the  low  and  sheltered  valleys.  As  summer  advances  they  make  their  way  higher  and 
higher  up  on  the  mountain  sides,  where  they  inhabit  preferably  the  aspen  grovea.  The 
species  begins  to  lay  in  the  neighborhood  of  Carson  about  the  middle  of  May.  A  con- 
siderable number  of  pairs  rear  their  first  broods  here  and  in  other  similar  low  valleys. 
But  as  soon  as  the  young  are  on  the  wing  all  withdraw,  apparently  to  the  mountains, 
and  by  July,  when  the  lowlands  are  dsy  and  parched,  the  sight  of  a  robin  is  extremely 
unusual. 

Robins  were  fairly  numerous  in  Oregon,  along  the  Columbia  River,  during  the  last 
of  October,  and  a  few  doubtless  winter  even  at  this  high  latitude. 

T.  n(evius  Gm.    Varied  Thrush ;  Oregon  Thrush. 

This  fine  thrush  is  chiefly  known  to  us  as  it  occurs  during  fall  and  winter  at  points 
far  south  of  its  summer  home.  Apparently  its  breeding  range  is  wholly  confined  to  the 
regions  west  of  the  Cascade,  and  perhaps  the  northern  Sierra  ranges,  from  a  point 
somewhere  about  the  Columbia  River  northward.  Even  in  October  I  saw  but  a  single 
individual  at  The  Dalles,  while  a  day's  march  down  the  Columbia  toward  the  west 
slope  of  the  Cascades  brought  me  to  where  the  species  was  very  numerous. 

From  my  friend  Mr.  H.  G.  Parker  I  have  information  of  the  occurrence  of  this  thrash 
near  Reno,  in  Western  Nevada,  just  at  the  base  of  the  Sierras,  thus  confirming  its  sap- 
posed  presence  here,  as  mentioned  in  a  previous  report  (le^7).  Very  large  nambers 
made  their  appearance  in  this  neighborhood  about  FebruaiV  1,  probably  from  the 
mountains  to  the  westward,  and  remained  till  into  March.  Doubtless  this  is  not  ^st 
unusual  event  in  the  history  of  this  species,  and  we  may  consider  its  wint-er  habitat  as 
including  the  main  chain  of  the  Sierras  on  either  slope. 

The  four  instances  known  of  the  occurrence  of  the  varied  thrush  along  the  eastern 
coast  must  be  looked  upon  as  wholly  exceptionable,  especially  as  no  oases  are  on  record 
of  its  appearance  even  in  the  remoter  western  States  to  the  east  of  the  Sierras. 
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Habits. — Ab  the  resnit  of  my  own  observations  I  can  add  bat  few  details  respecting 
the  habits  of  the  varied  thrash.  In  the  fall  it  is  not  a  bird  of  the  open,  bat  ap- 
pears to  pass  most  of  the  time  in  the  dense  evergreen  woods,  where  it  obtains 
irorn  amongst  the  low  shrnbbery  varions  kinds  of  berries,  which  evideiitly  form  its 
chief  fare  at  this  season.  Under  my  observation  it  bore  oat  its  ascribed  character 
of  being  a  rather  shy  and  suspicions  bird,  and  it  was  only  npon  occasions  that  I 
sacceeded  in  pushing  my  acquaintanceship  to  close  quarters.  While  making  my 
way  along  the  innumerable  old  wood-roads  and  tangled  bridle-paths  that  intersect 
the  pineries  in  all  directions — relics  of  the  woodchopper  and  lumberman — unsuspected, 
I  frequently  came  upon  small  flocks  of  these  thrushes.  The  alarm-note  is  a  single 
loud  chuck,  frequently  repeated,  and  is  very  similar  to  that  of  the  small  olive-backed 
thrushes,  but  much  louder.  A  very  few  moments  upon  such  occasions  sufficed  to 
see  the  band  dispersed  in  alarm,  and  each  seeking  a  safe  position  towards  the  tops 
of  the  tall,  thick  firs  and  spruces,  in  which  they  invariably  took  shelter.  Altogether 
there  is  much  in  the  habits  and  notes  of  the  species  that  is  suggestive  of  the  smaller 
members  of  the  ^enns,  and  it  certainly  resembles  them  in  more  particulars  than  does 
the  robin.  Still  its  size,  its  gregarious  disposition,  and  its  partiality  for  berries,  nat- 
urally cause  it  to  be  associated  in  thought  with  the  robin. 

I  saw  many  nests  in  the  crotches  of  the  small  firs  and  upon  brush j  saplings  that, 
under  casual  notice,  much  resembled  the  nsual  structure  of  the  robin,  but  some  of 
which  were  probably  constructed  by  the  varied  thrush.  Not  recalling  to  mind  at  the 
time  how  readily  identifiable  the  nest  of  this  species  is — constructed  without  mud — I 
neglected  to  examine  these  structures  critically.  That  more  or  less  remain  to  breed  in 
the  dense  forests  along  the  Columbia  seems  in  the  highest  degree  probable,  and,  in  fact, 
I  was  informed  by  lumbermen  that  both  "  robins*'  remained  all  summer. 

T.  pallasi  auduhoni  (Baird).    Audubon's  Hermit  Thrush  : 

During  the  past  summer  the  important  fact  was  ascertained  that  this  form  of  the^ 
hermit  thrush,  instead  of  beins  strictly  limited  to  the  Rocky  Mountains,  as  has  hith- 
erto been  assumed,  crosses  the  basin  and  breeds  along  the  eastern  slope  of  the  Sierras. 
During  the  summer  of  1877  I  heard,  in  several  of  the  subalpine  valleys  of  Northeastern 
California,  what  were  without  doubt  the  Audubon's  thrushes,  but  failed  to  secure 
specimens.  Here  they  were  evidently  not  very  numerous;  but  in  the  mountains  back 
of  Camp  Bidwell,  the  succeeding  season,  the  same  thrash  was  heard,  and  this  time  was 
satisfactorily  identified  by  shooting  the  bird.  They  were  here  very  abundant,  and  at 
this  date,  July  19,  the  pine  woods  were  filled  by  the  sweet  music  of  the  males. 

T.  palliisi  guttatus  Pall.    Dwarf  Hermit  Thrush. 

The  dwarf  thrush  appears  to  occur  along  the  eastern  slope,  as  it  does  in  the  Rocky 
Mountains,  only  as  a  migrant,  and  as  such  perhaps  only  in  the  fall.  By  the  last  of 
August  it  was  found  numerous  along  the  foot-hills  of  the  Cascade  Range  of  Oregon. 

I  consider  it  very  probable  thiitthe  southern  breeding  limit  of  this  form  will  eventu- 
ally be  found  to  include  the  mountains  of  Oregon,  upon  their  western  slope ;  but  we 
have  no  facts  of  observation  to  fully  bear  out  such  a  conjecture. 

MYIADESTIN^— Fly-catching  Thrashes. 
Myiadestes  Swainson. 

Af.  townsendi  (Aud.).    Towrisend's  Fly-catching  Thrush. 

This  bird  was  found  by  our  party  to  be  veiy  abundant  in  the  Deschutes  Basin  in 
September,  where,  too,  it  was  reported  by  Dr.  Newberry  in  1860.  In  fact,  I  have  never 
seen  the  bird  congregated  in  such  numbers  over  so  wide  an  area  as  here.  In  fall  and  win- 
ter it  appears  tobe  generally  dispersed  over  much  of  the  country  adjoining  the  eastern 
slope,  where  in  summer  it  appears  to  be  almost  entirely  absent.  During  the  summer 
of  1877  I  saw  but  a  single  individual  in  the  mountains  of  Eastern  Califoraia,  although 
the  condition  of  this  individual,  a  male,  indicated  that  it  was  mated  and  breeding,  so 
that  it  is  to  be  presumed  that  the  multitudes  that  throng  here  in  fall  localize  them- 
selves in  some  favorable  section  during  the  breeding  period. 

The  localities  affected  by  them  in  Oregon  in  fall  are  almost  exactly  similar  to  their 
range  in  New  Mexico,  Utah,  &.c.,  a  fact  which  sufficiently  establishes  their  natural 
predilections.  It  is  as  desolate  a  type  of  country  as  one  can  well  imagine,  bein^  cov- 
ered everywhere  with  volcanic  debris,  which  is  thrown  up  in  the  shape  of  low  hills  or 
scattered  broadcast  over  the  general  expanse  as  though  the  unsightly  blocks  had 
rained  down.  Ravines  with  their  rocky  ridges  scar  and  seam  the  country  in  every 
direction,  while  an  almost  total  absence  of  vegetation,  except  in  the  shape  of  dwarf 
cedars  or  stunted  piHons,  renders  such  a  rejpon  a  desert  indeed.  Of  such  a  nature  is 
the  country  to  the  south  and  west  of  Prineville,  Oregon,  and  here  a  day's  march  along 
the  road  revealed  many  hundreds  of  these  fly-catching  thrashes. 
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It  U  a  oorioiu  fact  in  the  hUtory  of  tbi«  species  that,  in  the  fall,  when  the  i 
love,  which  is  supposed  to  directly  iospire  the  music  of  birds,  has  loDg  aiuoe  . 
aud  most  other  songsters  are  either  entirely  silent  or  their  songs  are  Uaiited  to  Uie 
first  rtide  practicings  of  the  youns  males,  the  Townseud*s  flycatcher  shoald  now — 
not  at  rare  inter v'als,  but  as  a  regular  habit — give  utterance  to  soatchee  of  melody 
that,  though  but  a  fraction  of  its  splendid  powers,  may  yet  challenge  the  ntmoat 
efforts  at  emulation  of  most  other  species.  Aud  1  am  by  no  means  sure  that  aoch  mn- 
steal  rivalry  as  takes  place  ai.  this  time  among  the  males  does  not  owe  ita  ori^Uf  ia 
part  at  least,  to  tht*  fading  embers  of  a  passion  not  yet  fully  spent.  At  all  events,  I 
*nave  often  seen,  at  this  season,  two  males  in  eager  pursuit  of  a  companion — apparently 
some  coy  female — that  led  them  an  eager  chase  for  five  or  ten  minutes  at  a  time,  ia  a 
way  that  could  suggest  only  the  ardor  of  the  mating  season.  The  males  engaged  in 
such  a  chase  are  always  full  of  soiig,  which  pours  out  as  brilliant  snatches  and  frag- 
ments of  their  fuller,  more  perfect  symphonies  of  spring. 

Oroscoptes  Baird. 

O.  montanu$  (Towns.)*    Bage-Thrasher. 

Nowhere  in  the  wide  region  inhabited  by  this  thrush  is  it  more  abnndant  than  on 
the  sage- covered  hills  and  plains  of  Wentern  \evada,  Jnst  at  the  base  of  the  monnt- 
ains  which  shut  ofi*  the  western  extension  of  the  npecies. 

In  a  climate  like  that  of  Nevada,  where  the  transition  period  from  spring  to  sum- 
mer is  never  very  well  marked,  and  Hnuuner  is  at  hand  almof^t  as  soon  as  the  snow  db- 
appears,  there  are  alwayn  to  be  observed  great  irregularities  in  the  time  of  nesting  of 
the  birds.    This  is  as  tnie  of  the  smaller  as  of  the  larger  species.    Thus,  taking  the 

E resent  bird  as  an  example,  the  ftiHh  of  May  appears  to  be  Just  about  the  height  of  it§ 
reeding  season.  Although  at  this  time  not  a  few  pairs  were  feeding  full  broods, 
yet  the  majority  of  the  nests  contained  fresh  eggs,  while  some  dilatory  couples  had 
but  just  brought  their  homes  to  completion.  There  was  thus  to  be  noted  a  diirerence 
of  fully  six  weeks  between  the  earliest  aud  latest  periods  of  deposition  of  the  fini 
clutches  of  eggs. 

As  the  eye  passes  over  the  sage  plains  of  the  far  West  it  finds  a  broad,  slightly  nn- 
•dulatory  expanse,  covered  everywhere  with  the  characteristic  sage-brush  and  present- 
ing to  the  sight  no  breaks  in  its  apparently  smooth  surface.  In  reality,  however,  the 
plains  are  very  far  from  being  level,  and  it  needs  but  a  short  walk  in  any  direction  to 
reveal  the  presence  of  unsuspected  little  valleys  aud  ravines,  their  boundaries  traced 
on  either  side  by  more  or  less  abrupt  rocky  ridges.  It  is  along  the  crests  and  aides  of 
just  such  ridges  that  the  sage-thrasher  is  most  at  home,  and  in  the  vernal  season,  at 
intervals  of  every  few  hundred  yards,  the  males  may  be  beard  pouring  out  at  all  times 
of  day  their  delightfolly  melodious  strains.  In  the  presence  of  its  humble  associates, 
the  BelVs  finch  and  Brewer's  sparrow,  which  alone  share  its  desolate  surroundings,  onr 
thrush  finds  no  rivalry  to  stimnlate  its  efforts ;  but,  unmindful  of  this,  it  slugs  on,  finding, 
perhaps,  its  reward  in  the  satisfaction  bom  of  its  own  powers  or  the  delight  its  strains 
carry  to  the  heart  of  its  silent  brooding  mate.  Its  song,  though  not  possessed  of  great 
variety,  is  note  worth  v  for  its  sweetness  aud  expression. 

The  nests,  of  which  I  have  examined  very  many,  vary  but  little  eitner  in  composi- 
tion or  situation.  Solidity  and  bnlkiness  sum  up  their  chief  characteristics.  The  foun- 
dation is  of  sticks  and  twigs,  the  thorny  character  of  which  enables  them  to  be  firmly 
interlocked,  so  as  to  form  a  strong  support  capable  of  resiHting  all  ordinary  accidents,  and 
even  to  defy  wind  and  weather  for  many  successive  seasons.  I  do  not  think,  however, 
they  are  ever  utilized  a  second  time.  The  ii^ner  or  nest  proi)er  is  made  of  rootlets,  with 
pernaps  a  f ew  iiorse-hairs,  which  are  woven  into  a  circular  depressed  cup. 

Numerous  sets  of  eggs  compared  together  show  but  little  variation,  and  this  chiefly 
in  the  amount  and  method  of  distribution  of  the  spotting  rather  than  in  the  colon 
themselves. 

SAXICOLID.E— Stone  Chats. 

SiALiA  Swainson. 

jS.  mexicuna  Sw.     Mexican  Bluebird;  Chestnut-back  Bluebird. 

Thisisthe  common  bluebird  of  the  region.  During  the  summer  it  inhabits  not  only  the 
low  valleys,  but,  to  even  a  greater  extent,  the  mountains,  being  there  fouud  in  the  dense 
pine  timber  up  to  abont  6,000  feet.  As  is  the  usual  custom  of*the  Eastern  species,  the 
present  bird,  as  indeed  also  the  Arctic,  raises  two  broods  during  the  summer,  and  the 
season  is  far  advanced  ere  family  duties  cease. 

S.  arciioa  Sw.     Arctic  Bluebird. 

The  habitat  of  the  present  bird  is,  in  general,  more  northern  than  that  of  the  preceding. 
Nevertheless^  the  two  species  are  not  iufrec^uently  marked  in  local  lists  as  inhabiting 
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the  same  distrioto  at  the  same  season.  When  sach  is  tbe  case,  the  present  species  is 
ottually  foand  at  higher  altitudes  io  the  moantains,  whence  it  descends  in  fall  and 
winter  to  the  same  neighborhood  where  the  chestnut-back  blaebird  makes  its  sum- 
tuer  home.    Their  connection  is  hence  not  so  intimate  as  might  natorally  be  inferred. 

The  statement  of  a  more  northerly  habitat  for  the  Arctic  blaebird  is  trae  only  in 
part ;  since,  while  it  attains  higher  latitudes  and,  coincident  with  this,  seeks  out  higher 
elevations  in  the  mountains,  it  yet  was  found  breeding  by  our  parties  as  far  south  as 
Santa  F^,  and  here,  too,  entirely  outside  of  the  mountains.  This  probably  represents 
about  its  southern  breeding  limit,  while,  on  the  other  hand,  mexioana  does  not  reach 
much  farther  south. 

A  nest  of  arctica,  probably  the  second  of  the  season,  was  found  July  31  in  a  dead 
pine  stub.    It  contained  five  eggs,  far  advanced. 

CINCLID^^Water  Ouzels. 
CiNCLUS  Swainson. 

C.  mexicanus  Sw.    American  Dipper. 

Common  upon  many  of  the  streams  of  tbe  pastern  slope,  where  noted  as  high  up  as 
the  Columbia  River. 

Concerning  the  habits  of  this  interesting  species,  I  have  no  new  facts  to  add  to  the 
extended  noticen  which  have  appeared  elsewhere,  more  particularly  as  they  seem  to 
be  everywhere  about  the  same.  In  reading  Macgillivray's  excellent  account  of  the 
European  dipper  and  its  mode  of  life,  I  notice  a  statement  to  the  effect  that  the  dip- 
per is  by  no  means  an  adept  at  walking  on  land  ;  he  says,  after  denying  its  alleged 
absurd  habit  of  walking  in  the  water  on  the  bottom :  '*  Even  on  land  I  have  never 
seen  it  move  more  than  a  few  steps,  which  it  accomplished  by  a  kind  of  leaping  mo- 
tion. Its  short  legs  and  curved  claws  are  very  ill-adapted  for  running.''  *  *  •  Such 
being  the  case,  it  would  appear  as  though  there  is,  in  this  particular,  a  very  ma^ed 
difference  between  the  European  bird  and  our  own ;  for  no  one  who  has  made  the 
acquaintance  of  our  dipper  in  its  native  haunts  would  hesitate  for  a  moment  to  affirm 
that  it  is  both  agile  and  graceful  in  its  movements  on  land,  if  grace  be  understood  to 
mean  an  easy  and  assured  manner.  Possessed  apparently  of  e^ual  powers  for  progres- 
sion under  water  with  its  European  ally,  our  species  by  no  means  depends  wholly,  or 
at  times  even  in  great  part,  upon  these  for  its  subsistence;  but,  on  the  contrary,  may 
often  be  seen  for  an  hour  at  a  time  wading  in  the  shallows,  or  running  quickly  over  the 
wet  rocks  or  along  the  pebbly  shores  in  search  of  food,  when  its  activity  and  nimbleness 
of  movement  are  very  apparent.  In  fact,  its  amphibious  nature  woula  appear  at  times 
to  be  almost  forgotten,  or  to  be  called  to  its  aid  only  for  very  brief  intervals ;  while, 
again,  it  appears  on  land,  only  to  disappear  a  moment  later  in  the  swiftly  moving  cur* 
rent. 

SYLVIIDJE— True  Warblers. 

Regulus  Cuvier. 

B,  calendula  L.    Ruby-orowned  Kinglet. 

A  common  summer  inhabitant  of  the  pineries.  Its  songs,  loud,  clear,  and  harmo- 
nious, were  heard  all  day  long  issuing  from  the  tall,  thickly-foliaged  firs  and  spruces, 
in  which,  without  doubt,  the  nests  were  secreted. 

CERTHUD^— Creepers. 

Certhia  Linn  tens. 

C.  familiarh  L.    Brown  Creeper. 

A  common  summer  inhabitant  of  the  coniferous  belt  all  along  the  eastern  slope.  • 

TROGLODYTID.E— Wrens. 

Salpinctes  Cabanis. 

S.  obsoletus  Say.    Rock  Wren. 

A  common  summer  visitant  throughout  this  whole  region.  Its  love  for  rocky  fast- 
nesses is  well  typified  in  its  name.  Its  nest  is  often  placed  beneath  the  shelter  of  a 
rock,  or,  as  I  have  on  several  occasions  seen  it,  in  some  slight  recess  or  natural  cavity 
in  a  sand-bank ;  in  fact,  any  hidden  nook  or  natural  recess  that  promises  concealment 
ia  available  for  its  purpose.    A  nest  found  on  the  15tb  of  May  contained'eight  eggs, 
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the  yoQDg  in  which  were  jast  ready  to  chip  the  shell.  The  rock  wren  is  thus  amoof 
the  very  nrst  of  the  small  birds  to  lay.  The  eg^  vary  so  little  as  to  be  easily  charac- 
teristic of  the  species ;  ground-color  pure  white,  with  a  rather  even  distribution  otct 
the  entire  surface  of  minute,  roundish,  reddish-brown  spots. 

Troglodytes  Vieillot. 

T.  cedon^rl-manni  Aud.    Western  House  Wren. 

Numerous  as  a  summer  resident  all  along  the  eastern  slope.  As  a  rule,  keeps  in  tbe 
timber  of  the  uncivilized  districts,  and  seems  rather  loth  to  accept  the  accommodatiom 
offered  in  the  towns,  where,  however,  it  is  occasionally  seen. 

T.  hyenuilis  pacificus  Bd.  Western  Winter  Wren. 

.  This  bird  was  not  met  with  nntil  the  Columbia  River  was  reached ;  here  in  October 
it  was  found  to  be  very  abundant,  more  so,  in  fact,  than  I  have  ever  known  the  winta 
wren  to  be  elsewhere.  Nearly  every  brush-heap  contained  at  least  one  of  these  spot- 
tering,  scolding  mites,  while  not  rarely  several  were  heard  or  seen  in  the  space  oft 
few  yards.  It  was  found  on  both  slopes  of  the  Cascades,  although  it  was  not  nearij  lo 
numerous  upon  the  east  side  of  the  mountains  as  upon  the  west.  As  fall  advances,  it 
finds  its  way  farther  south ,  and  reaches  on  both  elopes  as  low  as  the  latitude  of  Sao  Fran- 
cisco. I  am  inclined  to  believe  that  it  breeds  all  through  the  pine  woods  of  the  mooot- 
ains  near  the  Columbia.  It  winters  here,  as  also,  according  to  Cooper,  in  WashingtoB 
Territory. 

CiSTOTHORUS  Baird. 

C.  paluatria  Wils.    Long-billed  Marsh  Wre 
Extremely  abundant  in  all  the  tule  ma]8h3S. 

PARID^— Titmice. 
LoPHOPHANES  Kaup. 

X.  inomatus  (Gamb.).    Plain  Titmouse. 

This  species  is  present  in  Nevada  in  the  foot-Uills  of  the  mountains  and  on  the  low 
ranges- to  the  east  of  the  main  chain.  It  was  not  met  with  in  the  Columbia  River  re- 
gion, nor  even  in  Northern  California. 

Parus  Linnseus. 

P.  rufescena  Towns.    Chestnut-back  Chickadee. 

According  to  Dr.  Cooper,  this  species  is  the  most  abundant  of  the  family  in  Washing- 
ton Territory,  where,  however,  it  is  probably  limited  for  the  most  part  or  entirely  te 
the  districts  west  of  the  mountains.  Such,  at  least,  appears  to  be  the  case  in  Oregon, 
where  the  species  did  not  'fall  under  my  observation  until  at  the  Casockles  on  Uk 
western  slope,  where  I  saw  a  single  small  flock  in  October.  It  is  probably  a  sumioer 
resident  here,  and  perhaps  even  farther  south  in  Northern  California.  In  fall  it  mi- 
grates to  below  San  Francisco,  but  does  not  appe^  upon  the  eastern  side  of  the  chua. 

P.  montanus  Gamb.    Mountain  Chickadee. 

Breeds  numerously  among  the  pines.  Extremely  abundant  among  the  oaks  of  tbe 
eastern  slope,  near  the  Columbia  River. 

PSALTKiPARUS  Booapartc. 

P.  plumheua  Bd.    Plumbeous  Titmouse. 

This  chickadee,  which  is  peculiar  to  the  middle  province,  extends  its  range  clear  U> 
the  foot-hills  of  the  Sierras,  but  does  not  enter  the  mountains.  Thus,  among  the  barrea 
pi&on  hills  near  Carson  City,  I  saw,  in  July,  a  flock  of  twenty  or  thirty  individuals. 

SITTID^— Nuthatches. 

SiTTA  Linnteus. 

S.  canaden$i8  L.    Red-bellied  Nuthatch. 

This  species  appears  so  much  of  tener  in  the  local  lists  of  the  Eastern  States  than  of 
the  Westerh  that  many  ornithologists  have  come  to  regard  it  aa  a  quite  typically  esit- 


Digitized  by 


Google 


APPENDIX   0  0.  2267 

era  species.  Nevertheless,  in  the  extreme  parts  of  the  West,  as  npon  hoth  sides  of  the 
Sierras,  from  the  liue  of  the  railroad  to  the  Colnmbia  River,  and  so  oq  to  the  north,  the 
red-bellied  nuthatch  is  really  a  common  bird,  and  in  much  of  this  area  it  doubtless 
breeds.  It  appears  to  be  the  presence  of  a  country  suitably  timbered  to  meet  its  wants — 
pine-lover  as  this  species  pre-eminently  is — more  than  aught  else  that  determines  its 
presence  or  absence.  In  addition,  its  distribution  is  clearly  governed  by  its  preference 
for  a  cool  climate,  such  as  it  tinds  in  the  north  or  in  the  high  Sierra  Nevada. 

Towards  the  Colnmbia  River  it  was  observed  to  become  more  numerous,  and  upon 
the  upper  Deschutes  its  numbers,  in  certain  localities,  were  comparable  with  those  of 
the  pigmy  nuthatch. 

S,  caroUnensis  aculeaia  (Cass).    Slender-billed  Nuthatch. 

A  numerous  and  constant  resident  among  the  conifers ;  not  so  common  towards  the 
Columbia  River  as  either  of  the  other  species. 

S.  pygfMsa  Yig.    Pigmy  Nuthatch. 

The  most  numerous  of  the  family  in  the  Sierra  Nevada  and  Cascade  Mountains,  as 
almost  everywhere  through  the  West. 

SYLVICOLlDiE— American  Warblers.  * 

Helminthophaoa  Cabanis. 

H,  celaia  lute^cens  Ridgw.    Western  Orange-crowned  Warbler. 

Moderately  common  in  summer  when  inhabiting  the  monntain  slopes,  but  most 
numerous  during  the  fall  migration. 

Dendkceca  Gray. 

D.  cBsHva  (Gm.).    Yellow  Warbler. 

Numerous  as  a  summer  resident  in  the  shrubbery  of  the  streams,  which  the  species 
follows  up  to  an  elevation  amonx  the  mountains  of  at  least  8,000  feet.  It  penetrates 
beyond  the  Columbia  and  into  Washington  Territory. 

D.  townsendi  Nntt.    Townsend*s  Warbler. 

This  bird,  which  I  had  hoped,  though  scarcely  expected,  to  find  a  common  resident 
of  the  coniferous  belt  of  the  Cascades  in  Oregon,  was  met  with  but  twice,  in  Septem- 
ber. In  each  instance  the  individual,  was  migrating  in  company  with  flocks  of  Audu- 
bon's warblers  and  other  birds. 

In  full  plumage  the  Townsend^s  warbler  is  one  of  the  most  beautiful  of  the  family, 
as  it  has  oeen  until  a  comparative  recent  period  one  of  the  rarest.  Since  it  was  foona 
by  the  expedition  of  1874  to  be  a  common  niigraut  in  the  mountains  of  Southeastern 
Arizona,  numerous  specimens  have  been  received  by  the  Smithsonian  Institution  from 
Califoraia,  notably  from  near  Sacramento,  where  obtained  by  Mr.  L.  Holding.  Thia 
warbler  appears  to  be  only  a  casual  migrant  along  the  line  of  the  eastern  slope,  and,  in 
three  seasons'  collecting,  the  two  mentioue<l  above  represent  all  I  have  seen.  On  the 
Pacific  side,  however,  it  is  oompara'tively  numerous,  both  in  spring  and  fall.  As  to  its 
breeding  range,  I  can  find  no  evidence  on  record  that  warrants  the  statement  that  the 
species  finds  a  summer  home  within  our  territory.  Still  it  would  not  be  surprisioff 
were  it  eventually  found  to  summer  in  Oregon,  in  the  dense  pine-belt  to  the  west  cS 
the  Cascade  Mountains.  If  such  is  ascertained  to  be  the  case,  this,  at  least,  is  likely  to 
prove  its  extreme  southera  limit.  The  fact  that  the  statements  of  its  occurrence  in 
the  United  States  have  always  been  accompanied  by  the  term  *' riiigrant,"  affords 
pretty  conclusive  proof  that  as  a  species  it  summers  in  the  far  north. 

Such  migrants  as  are  found  in  the  Kockv  Mountains  in  fall,  at  which  season  they 
alone,  have  been  noted,  are  to  be  reasonably  accounted  for  as  having  followed  this  path 
from  the  extreme  northern  points  of  that  range,  where  it  approaches  the  Pacific. 

D,  auduhoni  (Towns.).    Audubon's  Warbler. 

Common  as  a  summer  resident  among  the  conifers  at  high  elevations ;  most  nn- 
merous  during  the  migrations,  being,  in  fact,  the  chief  representative  numerically  of 
the  Sylvicolidie  along  the  eastern  slope. 

GE0THLYPI8  Cabanis. 

G,  trichas  L.    Maryland  Yellow- throat. 

By  no  means  uncommon  in  Western  Nevada,  in  situations  similar  to  those  frequented 
by  the  species  in  the  East.  A  nest  found  at  Washoe  Lake,  Nevada,  May  23,  contained 
foar  eggs  far  advanced  toward  hatching. 
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€-.  maojfUUvrayi  Bd.    Macgilllvray's  Warbler. 

Fairly  nnmeroos  in  saminer  along  the  eastern  slope.  I  find  no  reference  to  t^e  species 
in  my  note-book  as  oconrring  fartner  north  than  Northern  California.  As,  however, 
according  to  Cooper  and  Sacktey,  it  reaches  to  Paget  Soand  along  the  coast,  it  is  safe 
to  infer  that  on  the  eastern  slope  it  passes  the  Columbia  River  into  Washington  Tw- 
ritory. 

A  nest  found  July  24  contained  fonr  yoang  a  few  days  old. 

ICTErtiA.Vieillot. 

L  virens  longicauda  (Lawr.).    Western  Yellow-breasted  Chat. 

A  rather  common  summer  visitant  about  Carson,  Nev.,  but  becoming  less  so  to  the 
northward,  until,  in  extreme  Northern  California,  it  is  quite  rare. 

Myiodioctes  Audubon. 

M,  pusillus  ( Wils.).    Wilson's  Black  Cap. 

As  a  summer  resident  of  the  eastern  slope  the  species  appears  to  be  rare ;  it  mar, 
however,  be  more  common  at  this  season  towards  the  Columbia  River  than  farther  south. 

June  24  I  saw  a  female  of  this  species  in  an  alpine  valley  of  Northern  California,  at 
an  elevation  of  about  6,000  feet.  Her  excitement  at  my  presence  convinced  me  that 
her  nest  was  near  by ;  but  circumstances  not  favoring  a  long  search,  I  failed  to  dis- 
cover it.    In  fall  the  species  is  comparatively  common. 

TAXAGRID.E— Tanagers. 

Pyrax<5a  Vieillot. 

P.  ludovidana  Wils.    Crimson-headed  Tanager. 

A  common  summer  resident  of  the  eastern  slope  as  far  to  the  north  at  least  as  the 
Columbia  River,  and  without  doubt  reaching  into  Washington  Territory. 

HIRUNDINID-E--Swallows. 

HiRUNDO  Linnaeus. 

JET.  erythrogastra  Bodd.    Barn  Swallow. 
A  numerous  summer  resident  of  the  lowlands. 

Tachycineta.  Cabanis. 

T.  hicolor  (V.).    White-bellied  Swallow. 

This  is  a  more  or  less  abundant  inhabitant  of  the  eastern  slope,  according  to  c4r^ 
•oumstanoes.  It  was  not  met  with  farther  north  than  Northern  California.  Here  in 
the  mountains  near  Camp  Bidwell  it  was  numerous  enough  the  last  of  July,  at  which 
time  the  pairs  all  had  young,  as  was  shown  by  their  frequent  visits  to  woodpeckers' 
holes  in  toe  aspens. 

T.  thalasHna  (St^^.).    Violet-green  Swallow. 

This  is  an  extremely  abundant  summer  visitai^  in  certain  portions  of  Eastern  Cali- 
fornia and  Western  Nevada,  as,  for  instance,  at  Pyramid  La^e.  The  pyramid-liks 
olifib  which  give  name  to  this  body  of  water  form  the  abode  of  thousands  of  these 
beautiful  swallows,  which  resort  to  the  niches  and  holes  in  the  faces  of  the  rock  for 
nesting  sites. 

In  the  mountains,  where  it  is  also  abundant,  it  selects  for  this  purpose  the  deserted 
holes  of  woodpeckers,  giving  everywhere  marked  preference  to  those  in  oaks.  It  is 
almost  always  found  in  close  proximity  to  water. 

A  nest  found  July  1  contained  five  young  and  two  unfertile  eggs. 

Petrochelidon  Cabanis. 

P.  lunifroH8  (Say).    Cliff  Swallow. 
By  far  the  most  abundant  and  l^enerally  distributed  of  the  family. 


Digitized  by 


Google 


APPENDIX    0  0.  2269 

CoTYLE  Boie. 
C.  riparia.    Bank  Swallow. 

Present  in  Nevada  and  Eastern  California,  bnt  apparently  leas  numerous  than  the 
following. 

Steloii>opteryx  Baird. 

S.  serripennh  (And.).    Rough-winged  Swallow. 

According  to  Cooper  and  Ruckley,  this  swallow  occurs  as  far  to  the  north  on  the 
coast  as  Puget  Sound ;  certainly  present  along  much  of  the  eastern  slope,  and  doubt- 
less extending  into  Washington  Territory  along  this  line. 

Progne  Boie. 
P.  subis  (L.).    Purple  Martin. 

Colonies  encountered  at  numerous  localities  am«ng  the  pine  woods  of  the  monntams, 
where  they  are  quite  local. 

VIREONID^— Greenlets. 

ViREO  Vieillot. 

r.  gilvus  atcainsoni  Bd.    Western  Warbling  Vireo. 

This  Tireo  was  found  to  be  present  along  the  eastern  slope  as  far  north  as  Southern 
Oregon,  and,  as  I  have  never  seen  it  more  abundant  than  it  was  in  Northern  California, 
I  have  no  doubt  that  it  reaches  to  the  Columbia  along  this  line,  or  even  into  Washing- 
ton Territory,  as  it  does,  according  to  Cooper  and  Snckley,  along  the  Pacific  side. 

Very  little  can  be  said  of  its  habits  here  that  would  not  be  a  repetition  of  published 
accounts  of  the  Eastern  warbling  vireo.  It  is  merely  that  bird  transferred  from  its 
utaal  surroundings  to  the  wild  mountain  districts  of  the  west.  In  the  mountains  near 
Camp  Bidwell,  the  locality  alluded  to  above,  whme  the  species  was  so  numerous,  I 
found  many  nests,  three  or  four  being  often  met  with  during  a  moming^s  collecting. 
They  were  without  exception  built  upon  small  aspen  trees,  from  three  to  five  feet 
above  the  ground.  With  a  lining  of  fine  grasses,  they  were  composed  mainly  of  long 
strips  of  white  fibrous  bark,  festooned  externally  with  spiders'  webs,  bits  of  cottony 
Bttbetances  from  plants,  Sco.  At  this  date,  July  20-30,  the  eggs  were  so  far  advanced 
as  to  render  their  preservation  very  difiicult. 

Vireo  soUtariua  casiini  Xantus.    Cassin's  Vireo. 

Few  birds  have  given  rise  to  more  perplexing  doubt  and  uncertainty  respecting 
their  relationships  than  the  Cassin's  vireo.  Founded  by  Xantus  in  1859,  n|>on  a  faU 
specimen  from  Fort  Tejon,  its  subsequent  written  history  has  been  full  of  vicissitudes ; 
for  while  by  some  authors  it  has  been  accepted  as  a  valid  species,  by  others  it  has 
been  affiliated  with  solitariua  as  a  variety;  or, again, has  been  rejected  altogether,  and 
thrown  into  the  list  of  synonyms  of  the  latter  bird. 

From  the  time  I  made  the  acquaintance  of  this  vireo  in  the  southern  Bocky  Moun- 
tains it  has  had  a  peculiar  interest  for  me,  more  especially,  perhaps,  from  the  fact 
that  while  then,  and  upon  the  many  subsequent  occasions  I  have  met  with  it,  I  have 
had  not  the  slightest  difficulty  in  properly  identifying  the  recently  killed  specimens 
or  even  the  live  birds ;  yet,  in  the  closet  and  upon  comparison  with  other  specimens 
from  the  West  marked  m  ^oUtarius^  I  have  found  it  extremely  difficult  to  draw  a  line  be- 
tween the  two ;  in  fact,  until  the  present  time  I  have  never  been  able  to  arrive  at  any  satis- 
factory conclusion  respecting  the  true  rank  of  m««i/it  and  its  kinship  to  aolitarius,  1  am 
now  fully  persuaded,  and  trust  to  be  able  to  show,  that  cassini  is  at  the  least  something 
more  than  a  special  plumage  of  tioJitarius,  which  was  the  opinion  expressed  by  Professor 
Baird  in  his  Review  of  North  American  lairds,  when,  it  is  to  be  remembered,  the  type- 
specimen  represented  all  that  was  known  of  the  supposed  species,  the  absence  of  ma- 
terial for  comparison  doubtless  having  much  to  do  in  shaping  this  view.-  Since  then 
there  have  accumulated  in  the  Smithsonian,  as  the  result  of  the  collections  of  this 
expedition  and  from  other  sources,  twelve  or  more  specimens  that  are  either  like  the 
original  type  of  cassiniy  or  so  near  it  that  their  identity  with  it  is  beyond  suspicion.  It 
is  perfectly  safe  to  say  that,  whatever  it  is,  they  are. 

With  little  or  no  difference  in  size  from  Eastern  soUlanuSj  the  type— and  it  is  to  be 
remarked  that  certain  of  the  recently  obtained  specimens  not  only  share  its  peculiari- 
ties but  even  exhibit  them  to  a  greater  degree— oflers  only  difieronces  of  coloration. 
These  may  be  briery  summed  up  as  follows :  Typical  examples  of  casHni  are  very 
mnch  duller  than  the  corresponding  plumages  of  HoUtanus,  The  head  above  and  on 
the  side,  instead  of  being  of  a  decided  blue  or  bluish  ash,  presents  little  or  absolutely 
DO  contrast  to  the  olive-brown  (instead  of  olive-green)  of  the  dorsum.    The  Ipres  and 
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orbital  ringf  instead  of  bein^  pnre  white,  are  of  a  dull  white,  strongly  incliniof^  to 
fulvoQs.  The  green  of  tbe  sides  is  muck  mised  with  or  replaced  by  brown;  the  under 
parts  generally  are  of  an  impure  white,  the  result  of  a  general  admixture  of  brown.  In 
fact,  extreme  examples  of  mssini  are  colored  so  much  like  huttotri  that  npon  a  color 
basis  alone  it  would  be  difficult  to  distinguish  them. 

There  are  a  sufficient  number  of  specimens  at  hand  showing  the  above  characters  to 
prove  beyond  a  doubt  that  cassiniis  entitled  to  rank  of  some  kind ;  in  other  words,  that 
It  is  not  a  mere  accidental  plumage  of  sblitarius.  For  be  it  noted,  as  stated  by  Pro- 
fessor Baird  of  the  type,  that  eolifariud  as  it  is  colored  in  the  East  never  approaches 
the  above.  The  color  peculiarities  of  cassini  are  to  be  regarded  then  as  entirely  beyond 
and  independent  of  individual  variation.  But,  to  complicate  matters,  nearly  every 
author  who  has  had  occasion  to  treat  of  Western  birds  has  noticed  specimens,  evidently 
not  typical  casainif  which  he  has  referred  with  more  or  less  doubt  to  soUiariiuf.  Thus, 
specimens  of  so-called  soUfaritta  are  before  us  from  Washington  Territory,  Oresoo, 
California,  Nevada,  Utah,  Wyoming,  Arizona,  &c.  Some  of  these  are  certainly  very 
close  to  8olitanu9f  and  I  have  always  presumed  the  occurrence  of  that  species  in  tbe 
West  to  be  a  matter  that  admitted  of  no  doubt.  But  a  recent  careful  exaoiinatioa 
of  all  these  specimens  shows  not  one  that  can  fairly  be  called  typical  of  that  bird. 
'  In  such  specimens  the  back  is  of  a  varying  shade  of  green ;  the  head  is  more  or  lea 
ashy  in  contrast,  while  the  under  parts  are  of  a  purer  white  than  is  the  case  with  typ- 
ical cassini.  It  is  to  be  remarked,  however,  that  not  only  is  it  scarcely  possible  to  find 
two  of  these  doubtful  specimens  that  agree  witb  each  other,  but  by  meana  of  them  a 
series  can  be  formed  that  appears  to  grade  directly  from  the  typical  cas^iRi  towards 
and  almost,  if  not  quite,  into  Holitarim,  The  percentage  of  specimens  of  which  the 
statement  holds  good  that  they  are  more  like  aoUtarius  than  cassini  is  quite  smalL 
Nearly  all  the  intermediate  specimens  are  really  identifiable  with  cassini;  in  fact,  of 
twenty- nine  specimens  in  the  collection  which  have  been  labeled  indifferently  casmmi 
and  soUtariiis,  I  find  that  twenty  are  referable  to  casaini^  and  cannot  by  any  means 
be  identified  with  soUtarlns.  Of  the  remaining  nine,  three  are  so  nearly  intermediate 
that  they  might  with  about  equal  propriety  be  assigned  to  either,  leaving  six  with  s 
decided  leaning  towai*d  aoUtarius.  It  needs,  however,  but  an  instant^s  comparison  of 
these  with  the  ordinary  Eastern  solitarius  to  show  that  although  closely  reeembling 
that  species,  it  would  be  going  too  far  to  say  that  they  are  typically. the  same.  In 
connection  with  the  rest  of  tbe  series  they  are  clearly  intermediate,  but  on  the  «oi«te- 
rius  side  of  the  line. 

The  testimony  of  the  series  as  a  whole  seems  to  show  pretty  conclusively  that  the 
solitary  vireo  proper  does  not  occur  in  the  West,  and  that  all  specimens  which  hare 
been  so  identified  are  either  caasini  oc  are  intermediate  between  the  two ;  the  latter 
class,  in  fact,  furnishing  the  evidence  that  the  two  inter-grade,  and  hence  that  cawiui 
is  a  variety  of  aolitarim. 

The  only  alternative  wonlii  be  to  throw  cassini  out  entirely  and  refer  all  Westefn 
specimens  to  solitarius.  But,  in  our  judgment,  typical  specimens  of  oasaim  are  now  too 
numerous  and  show  too  decided  and  constant  differences  to  warrant  such  a  procedure. 

The  habitat  of  Casein's  vireo  may  receive  a  moment's  attention.  Its  summer  home 
appears  to  be  strictly  limited  to  either  slope  of  the  Sierra  Nevadas,  from  Washington 
Territory  to  Southern  California.  I  can  find  no  specimens  (including  nnder  the  head 
of  casaini  all  individuals  hitherto  supposed  to  be  aolitariua)  from  the  Kooky  Moantaias 
in  apring  or  aummer,* 

As  a  migrant  in  fall  the  occurrence  of  the  Casein's  vireo  in  the  latter  range  is  not  smr- 

? rising,  or  no  more  so  than  that  of  several  other  Sierra  Nevadan  birds,  as  t/unoo  hjfem^lia, 
urdua  pallaai  nanua,  Dendraica  ioivnaendif  and  occidentalia,  4&c. 

I  have  alluded  in  a  foot-note  below  to  a  specimen,  the  coloration  of  which  is  inter- 
mediate between  aoUtariua  and  plumheua.  Such  specimens  do  not  appear  to  be  as  oom- 
mon  as  in  the  instance  of  the  Cassin's  vireo,  but  I  have  seen  too  many  snch  to  render 
the  relationship  of  the  two  former  birds  %t  all  doubtful  in  my  own  mind.  With  its 
notable  increase  of  stature,  and  the  laying  off  of  nearly  all  the  bright  tints  that  di»* 
tinguish  aolitanua^plumbeua  might  well  pass  for  a  different  species,  but  for  the  fact  tlu^ 
specimens  of  unquestionable  intermediate  character  have  been  repeatedly  taken ;  so 
that  consistency  would  seem  to  demand  that  its  near  relationship  to  aoUtnriua  shoald 
be  formally  as  well  as  tacitly  admitted.  Although  this  race  possesses  an  average 
size  considerably  in  excess  of  aoHlariua,  the  latter  occasionally  leads  well  up  to  its 
smaller  individuals.  Tardus  pallaaiy  with  its  race  aHditboni^  furnishes  precisely  the 
same  phenomenon  of  increase  of  size  coincident  with  a  mountain  habitat. 

Of  the  two  Western  varieties  of  the  solitary  v'lreOj  pi umheaa  appears  to  be  the  best 
marked.  This  is  not  because  typical  examples  of  it  are  auy  more  readily  recognizable 
than  of  caaainif  but  because  intermediate  specimens  of  the  former  appear  to  be  less  com- 


*  A  specimen,  Ko.  11.064  of  Nat  Mus.  Res.,  taken  at  Fort  Bridger  in  May  by  Drexler.  wi 

solUarius  and  so  referred  to  by  aathors.  This  I  ascertain  npon  examination  to  be  tbe  plambcwu 
vireo  ( V.  tolitaritM plumbeus).  Its  colore  are  tbnse  of  plumbetu,  with  tbe  addition  of  a  slight  admixtRoe 
of  green,  it  being  in  fact  intermediate  between  that  form  and  aolUarius. 
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moD ;  ID  other  words^  plumbeHs  appears  to  be  farther  advanced  in  the  process  of  diflfer- 
entiatioD,  and  hence  to  be  more  constant  to  its  type.  Too  mnch  stress  should  not, 
howoTer,  be  laid  upon  this  apparent  fact,  since  the  locality  of  specimens  of  this  race, 
appears  to  b^  an  important  factor.  Thns,  all  specimens  of  the  plnmbeus  Tireo  that 
we  have  seen  from  the  neighborhood  of  Fof  t  Whipple,  Arizona,  the  region  whence 
described  by  Dr.  Cones,  are  extremely  typical ;  but  from  points  farther  north,  as  Forts 
Laramie,  Bridger,  and  thereabouts,  nearly  all — perhaps  all — are  to  a  varying  extent  in- 
.  termediate. 

Similarly,  the  eastern  slopes  of  the  Sierras  and  Cascades  appear  to  famish,  in  sum- 
mer at  least,  nothing  bat  typical  casainif  while  from  the  Calaveras  Grove  California,  and 
other  localities  on  the  western  side  of  the  mountains,  we  have  both  typical  and  inter- 
mediate specimens,  both  styles  breeding.  As  bearing  on  the  subject,  1  may  recall  the 
fact  that  many  of  the  shnkes  from  the  same  localities  are  scarcely  distinguishable 
from  specimens  from  Florida  {li*dovicianus). 

To  sam  up,  the  solitary  vireo,  like  many  other  birds,  appears  to  be  divisible  in  three 
distinct  races,  according  as  it  inhabits  the  eastern,  the  middle,  or  the  Pacific  provinces. 
Each  has  its  own  restricted  summer  habitat,  where  it  alone  is  found.  In  fall  the  two 
Western  miDgle\  to  some  extent,  during  the  general  dispersion  attendant  upon  the  fall 
migration. 

The  following  figures  indicate  the  size  of  each  of  the  three  forms : 

iS<)7i7ani«.— Average  of  11  specimens:  Wing,  2.92;  tail,  2.23:  bill,  .40;  tarsus,  .71: 
largest  individual,  3.06,  2.35,  .38,  .72 ;  smallest  individual,  2.H0,  2.15,  .40,  .73. 

rar.  piwrnfteiM.— Average  of  17  specimens:  Wing,  3.14:  tail,  2.40;  bill,  .43;  tarsus, 
.74:  largest  individual,  3.22,  2.45,  .43,  .77  ;  smallest  individual,  3.03,  2.25.  .43,  .74. 

rar.  ("astini, — Average  of  28  specimens:  Wing,  2.82;  tail,  2.2:5;  bill,  .41;  tarsus, 
.73 :  largest  individual,  2.93,  2.27,  .42,  .67  ;  smallest  individual,  2.70,  2.01,  .43,  .73. 

LANUD^-Shrikes. 

Lanius  Linnseus. 

L.  ludoticianM  excubitorides  (Sw.).    White-rump  Shrike. 

Most  numerous  in  summer,  when  it  lives  chiefly  in  the  lower  foot-hills  among  the 
sage-brush.    Some  appear  to  remain  all  winter  in  the  latitude  of  Carson. 

The  northern  shrike  {C\  boreali8)9X»o  appears  here  in  fall. 

TANAGRID.E— Tanagers. 
Pyranga  Vieillot. 

P.  ludonciana  (Wils.).    Louisiana  Tanager. 

A  summer  visitor  of  the  mountains,  as  high  up  at  least  as  the  Columbia  Biver. 

A  nest  found  June  26,  near  Susanville,  Cal.,  contai  ed  three  young  and  two 
eggs,  the  latter  just  on  the  verge  of  hatching.  The  nest  was  a  loose  structure  of  root- 
lets, similar  to  the  usual  style  of  the  P,  rubra,  and  was  placed  on  the  extremity  of  a 
limb  of  a  cotton  wood,  about  fifteen  feet  from  the  ground. 

As  a  rule,  our  tanagers  lay  but  three  eggs,  and  five  must,  I  think,  be  a  rather  un- 
osaal  complement. 

FRINGILLID^— Sparrows,  Finches. 

LoxiA  Brisson. 
L,  currirostra  americanCj  Wils. 

This  crossbill  becomes  numerous  in  the  mountains  and  on  tbe  foot-hills  in  fall.  It 
is  presumably  a  resident  in  Oregon,  although  I  cannot  find  any  direct  evidence  to  this 
effect. 

Carpodacus  Kanp. 

C,  ptirpureus califomiais  {Bd,)    Calif omian  Purple  Finch. 

A  single  individual  of  this  species  was  taken  at  The  Dalles  on  the  Columbia  in  Octo- 
ber from  a  flock  of  pine  finches.  This  is  the  first  record  of  its  occurrence  at  any  point 
along  the  eastern  slope,  its  distribution  being  to  the  west  of  the  mountains  from  as  far 
north  as  the  Straits  of  De  Fuca  (Cooper)  to  below  San  Francisco. 

C.  ca89ini  Bd.    Cassin^s  Parple  Finch. 

An  abundant  summer  inhabitant  in  the  neighborhood  of  Carson,  and,  although, 
perhaps  becoming  rather  less  numerous  as  northern  California  is  reached,  the  species 
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pOHtsts  to  the  Colnmbia  River.  This,  I  beliere,  gives  it  a  more  nordien  extension 
tbsn  hM  hitherto  been  supposed.  In  sammer  they  are  quite  local,  and  orowd  into  a 
certain  neighborhood  of  a  section  to  the  total  disregard  of  others  which,  perhaps,  ap- 
pear no  less  suited  to  their  economy.  I  found  communities  of  considerable  size  thus 
colonized  in  certain  parts  of  the  pine  wdods  about  Eagle  Lake,  California,  and  else- 
where. In  common  with  others  of  their  kin  they  are  delightful  singers,  and  the  barst 
of  melody  which  greets  the  ear  of  the  chance  passer  by  as  he  happens  upon  one  of 
these  musical  oases  in  the  generally  silent  forests  is  no  less  pleasing  than  it  is  unex- 
pected. Like  the  common  goldfinch  (C.  tristis)  the  males  have  the  habit  of  singing  in 
chorus,  and  it  takes  very  little  imagination  to  construe  their  efforts  into  rival  eont^te. . 
Whether  they  possess  such  significance  to  the  birds  themselves  or  not,  it  is  certain  that 
each  individual  appears  to  sing  his  loudest  and  best,  as  though  trying  to  drown  the  notes 
of  his  neighbor,  or,  perhaps,  too  well  pleased  with  his  own  efforts  to  care  fw  aught  else. 
The  effect,  as  the  medley  of  delightful  strains  goes  ringing  through  the  leafy  arches  of 
the  pineries,  is  pleasing  in  the  extreme. 

The  nests,  of  which  I  have  seen  many,  were  all  placed  on  large  pines  and  well  out 
toward  the  ends  of  the  lower  limbs. 

By  the  latter  part  of  June  nearly  all  the  pairs  were  feeding  young,  and  none  of  the 
nests  that  were  accessible  contained  eggs. 

C.  frontalis  (Say).    House  Finch. 

An  abundant  species  wherever  found.  It  was  not  observed  much  farther  north  than 
Honey  Lake,  Northern  California. 

Chrysomitris  Boie. 

C.  tristis  (L.).    Common  Goldfinch. 

A  common  summer  resident  at  many  points.  Found  on  the  Columbia  River  io 
OctobeiH 

C.  pinus  ( Wils.).    Pine  Finch. 

This  species  occurs  along  the  whole  eastern  slope  in  fall  and  winter,  and  passes  the 
summer  in  the  coniferous  belt  in  much  of  its  extent.  In  Oregon,  from  August  on, 
wherever  I  penetrated  the  mountains,  I  was  almost  sure  to  run  across  flocks  of  theee 
finches,  whose  twittering  notes  often  betrayed  their  presence  in  the  tops  of  the  tall 
pines  and  spruces  when  the  birds  themselves  were  only  visible  upon  patient  scrutiny. 

Passkrculus  Bonaparte. 

P.  savanna  aluudinus  Bp.    Western  Savanna  Sparrow. 

Numerous  in  all  wet  meadowy  lands,  and  as  much  so  in  Oregon  as  farther  sonth. 

A  nest  taken  near  Washoe  Lake,  Nev.,  May  22,  contained  four  fresh  eggs.  These 
are  rather  peculiar  both  in  shape  and  in  markings,  although  the  differences  probably 
represent  nothing  but  individual  variation  and  are  not  distinctive  of  this  western 
race.  They  are  of  a  greenish- white  ground  color,  heavily  blotched  in  a  more  or  less 
confluent  ring  at  the  larger  ends  with  burnt  sienna  and  various  shades  of  lavend^. 
They  are  short  and  rounded  in  shape,  measuring  (68x55)*,  66x54*,  65x53. 

P.  savanna  sandvicensis  (Gm.).    Sandvich  Sparrow. 

The  preceding  form  is  the  type  that  prevails  in  summer  all  along  the  eastern  slope. 
In  fact  at  only  one  locality  did  I  detect  the  presence  of  the  present  bird,  viz,  on 
Crooked  River,  Oregon,  in  September. 

A  sandy  pasture  at  this  point  proved  favorite  ground  for  the  savanna  sparrows,  and 
a  walk  through  the  weed  patches  usually  resulted  in  starting  up  scores.  Among  the 
rabble  I  noticed  one  day  an  individual  of  apparently  larger  size  than  the  rest,  aod 
upon  shooting  discovered  it  to  be  of  the  present  race.  Further  search  resulted  in  the 
acquisition  of  one  additional  specimen.  So  far  as  known  sandvicensis  is  a  strictly  coast 
form  ;*but  its  presence  here  is,  after  all,  by  no  means  remarkable,  since  in  the  fall  mi- 
gration a  few  might  readily  find  their  wav  up  the  Columbia  River  and  so  move  south 
along  the  eastern  slope.    As  I  did  not  find  it  elsewhere,  I  judge  it  to  be  rare. 

PooECETES  ^aird. 

P.  gramineus  confinis  Bd.    Western  Grass  Finch. 

Numerous  in  the  valleys.  Noted  no  farther  north  than  Southern  Oregon,  but,  with* 
out  doubt,  extending  into  Washington  Territory. 
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Chondestes  SwalDson. 

C.  grammaca  (Say).    Lark  Sparrow. 

This  species  was  lost  sicht  of  about  one  handled  miles  north  of  Carson.  It  doubt- 
less occurs  in  the  low  valleys,  quite  up  into  Oregon ;  in  fact,  Suckley  records  a  single 
specimen  from  The  Dalles,  on  the  Columbia. 

ZoxoTRiCHiA  Swainson. 

Z.  aUncoUis  (Gm.).    White-throated  Sparrow. 

Dakota  has  hitherto  been  given  as  forming  the  western  limit  of  this  sparrow.  Nev- 
ertheless, it  seems  probable  that  it  is  to  be  added  to  the  list  of  eastern  species  that 
reach  the  Pacific  on  the  northwest  coast  and  summer  at  the  point  where  the  Rooky 
Mountains  dwindle  away  and  admit  of  free  passage.  At  all  events,  the  presence  of  the 
white-throated  sparrow  was  detected  on  the  Columbia  River,  about  forty  miles  from 
The  Dalles,  and  thus  beyond  the  eastern  slope,  and  one  of  the  two  individuals  seen 
was  captured.  I  presume  that  it  is  by  no  means  scarce  here,  although  as  the  individ- 
uals noticed  were  seen  only  an  hour  or  so  before  camp  was  broken  for  the  return  .up 
the  river,  no  opportuoicy  was  had  for  a  satisfactory  investigation  of  the  matter. 

Z.  leucaphrys  (Forst.).    White-crowned  Sparrow. 

As  almost  everywhere  throughout  tbe  West,  this  sparrow  occurs  along  the  eastern 
slope  in  great  numbers  during  the  migrations.  It  is  also  numeroas  in  these  mountains 
in  summer,  resorting  to  br^d  to  the  willow  thickets  and  aspen  groves  along  the 
streams.  • 

A  nest  found  in  Eastern  California,  June  20,  contained  four  eggs  but  slightly  advanced. 
Several  found  on  the  24th  held  young.  The  nests  were  quite  typical  of  the  ground- 
building  sparrows,  being  outwardly  composed  of  weed-stalks  with  an  interior  lining 
of  fine  grasses  and  horse  hairs,  the  whole  snugly  hidden  away  with  a  sparrow's  cunning 
beneath  a  small  bush. 

The  eggs  are  of  a  faint  bluish  green,  irregularly  and  profusely  spotted  with  reddish 
brown,  wnich  is  most  conspicuous  at  the  larger  ends. 

Z,  gambeli  inieriMdia  Ridgw.    Ridgway's  Sparrow. 

Flocks  composed  of  this  and  the  previous  bird  frequently  fall  into  the  path  of  the 
collector  in  this  region  during  spring  and  fall.  The  present  bird  was  not  found  in 
the  mountains  as  a  summer  resident,  and  I  believe  it  goes  farther  north  to  breed.  Mr. 
Ridgway,  indeed,  in  his  recent  report  to  King,*  mentions  this  bird  as  nesting  in  num- 
bers at  Donner  Lake  Pass  in  the  Sierras;  but, as  I  now  learn,  he  believes  that  his 
Identification  was  incorrect  (circumstances  not  permitting  specimens  to  be  obtained), 
and  that  the  species  thus  referred  to  was,  beyond  doubt,  the  Z.  leuoophrifs.  This  agrees 
folly  with  mv  own  experience  in  this  region,  and  leaves  us  with  no  record  of  the 
breeding  of  the  van  intermedia  in  the  Sierras. 

I  have  elsewhere  presented  facts  bearing  upon  certain  differences  in  the  migrations 
of  these  two  ZanotAchiaSf  and  have  referred  to  the  very  extensive  overlapping,  east- 
ward and  westward,  of  their  respective  habits,  urging  that  these  considerations,  cou- 
pled with  the  constant,  albeit  slight,  differences  in  coloration  between  the  two,  were 
snfiScient  to  warrant  the  conclusion  that  intermedia  was  not  a  race  of  leucophryt,  I  am 
more  than  ever  convinced  of  the  truth  of  this.  The  Z.  leuoophrys  is  now  Known  to 
breed  on  the  northern  frontier  from  the  Atlantic  to  the  Rocky  mountains,  and  thence 
to  the  summit  of  the  Sierras,  and  to  follow  the  trend  of  these  ranges  far  to  the  south- 
ward. Over  all  this  immense  region  it  maintains  its  characters  with  pei^t  consist- 
ency, there  appearing  in  fact  to  be  no  appreciable  differences  between  specimens  tak- 
en on  the  Atlantic  and  others  from  its  most  remote  western  point.  So  far,  then,  as 
geographical  considerations  offer  any  evidence,  it  is  manifestly  absurd  to  consider 
tntermedia  as  the  **  western ''  representative  of  a  bird  that  in  its  typical  condition  is 
fonnd  in  nearly  every  portion  of  the  West,  and  that,  too,  breeding. 

On  the  other  hand,  that  the  relations  of  gambeli  and  intermedia  are  those  of  species 
and  variety  seems  perfectly  certain,  and  the  two  may  be  so  treated  ^n  perfect  con- 
formity with  well  ascertained  laws  of  geographic  variation,  gambeli  bemg  the  darker 
coast  representative  of  tbe  pale,  more  nortnem  (f )  interior  lorm  intermedia, 

Z.  coronata{FsL\L),    CJolden-crowned  Sparrow. 

This  sparrow  occurs  along  the  eastern  slope  during  tbe  fall  migration,  but  by  np 
means  in  such  immense  numbers  as  distinguish  its  presence  to  the  westward.    On  the 

'Ornithology  of  United  States  Geological  Exploration  of  the  Fortieth  Parallel,  Clarence  King,  in 
charge,  p.  471. 
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contrary,  its  numbers  are  limited  to  the  comparatively  few  that  find  their  way  IdIo 
the  bands  of  white-crowned  and  Ridsway's  sparrows,  and  with  them  perform  the 
journey  southward,  or  winter  in  favorable  localities.  Snckley,  however,  speaks  of  the 
Golden-crowned  Sparrow  as  an  abundant  summer  resident  about  The  Dalles. 

J  UNCO  Wagler. 

J.  oregonua  (Towns.)-    Oregon  Snowbird. 

This  snowbird  appears  to  pass  the  summer  among,  the  mountains,  from  about  the 
latitude  of  Carson,  Nev.,  northward,  and  is  the  only  one  of  the  genus  that  inhabits  the 
Pacific  province. 

A  nest  found  June  23  contained  young.  It  was  placed  on  a  hillside' in  a  little  patch 
of  an  evergreen  shrub  that  raised  above  the  earth  sufficiently  to  screen  the  nest,  the 
top  of  which  was  sunk  on  a  level  with  the  ground.  This  may  have  been  an  nnusiiallj 
late  brood,  for  I  had  taken  fully  fledged  young  some  few  days  earlier. 

A  second  nest,  found  August  2,  held  three  young,  several  days  old. 

I  subjoin  a  description  of  the  young  in  the  first  or  nest  plumage,  remarking  that  in 
this  condition  the  young  of  all  our  snowbirds  resemble  each  other  very  closely,  those 
of  st-veral  of  the  forms,  m  fact,  being  distinguiHhable  onlv  with  great  difiiculty. 

First  plumage:  Prevailing  tint  a1x)ve  rutous,  the  feathers  streaked  medially  with 
black;  wingsand  tail  blackish-brown,  each  feather  edged  with  rufous.  Throat,  breast, 
and  sides  profusely  spotted  with  black  ;  belly  of  a  fulvous  white;  sides  washed  with 
rufous;  first  outer  tail-feather  always,  usually  the  second,  sometimes  the  third,  white 

Amphispiza  Cones.    • 

A.  helli  nevadensU  (Ridgw.).   Artemisia  Sparrow. 

This  sparrow  breeds  abundantly  among  the  artemisia  wherever  it  grows,  and  evea 
follows  It  to  a  considerable  altitude  in  the  mountains,  although  the  sage  plains,  at 
their  lower  levels,  appear  to  be  the  proper  home  of  the  bird.  The  species  oocars  le« 
abundantly  in  Nortnem  California  than  to  the  southward. 

In  the  vicinity  of  Carson,  where  I  found  several  nests,  4ts  eggs  are  laid  about  May 
15.  As  nesting  sites  sage  bushes  were  invariably  selected.  Dried  weed- stalks  make 
up  the  bulk  of  the  structure,  with  an  interior  of  the  soft,  fibrous  sage  bark,  inside 
which  is  the  lining  proper,  of  sheep's  wool,  which  is  readily  obtain^  by  the  birds 
almost  anywhere  in  this  country. 

The  eggs  vary  much  in  the  exact  character  of  their  markings,  as  also,  to  some  extent, 
in  size.  With  a  faint  greenish- white  background,  they  are  spotted,  much  less  heavilj 
at  the  smaller  than  at  the  larger  end,  where  the  markings  are  often  accumulated  into 
a  circle,  with  various  shades  of  brown  inclining  toward  sienna,  with  lavender,  aod 
faint  purple.  The  sienna  is  often  laid  on  in  the  shape  of  scratches  or  blotches,  so 
densely  as  to  appear  almost  black.  Altogether  the  appearance  of  the  eggs  of  this 
species  is  peculiar. 

Two  sets  measure  as  follows:  (79x58)2  83x58  75x58;  (76 X58)«  77x57  78x57. 

Spizella  Bonaparte. 

S.  monticola  (Gm.).    Tree  Sparrow. 

A  flock  of  tree  sparrows  was  seen  upon  the  Columbia  in  October,  but,  owing  to  a 
failure  to  interest  my  mule  in  the  matter,  no  specimens  were  actually  secured. 

Dr.  Cooper  leaves  a  note  to  the  effect  that  he  saw  what  he  took 'to  be  tree  sfiarrowi 
in  the  Sierras,  and  Suckley  obtained  a  bird  at  The  Dalles  in  winter  which  he  identified^ 
per  book,  as  of  this  species.  So  the  tree  sparrow  may  be  presumed  to  be  a  fall  migrant 
and  winter  resident  of  this  region  on  both  slopes  of  the  Sierras;  but  it  is  probably 
less  common  than  farther  east. 

S.  aooialis  arizonw  Cones.    Western  Chipping  Sparrow. 

A  common  summer  inhabitant  of  the  eastern  slope.  It  is  found  in  Waahingtoo 
Territory,  west  of  the  mountains,  and  doubtless  to- the  east,  although  it  was  not  met 
with  about  the  Columbia,  perhaps  owing  to  the  lateness  of  the  season. 

S,  hrewerif  Cass.    Brewer's  Sparrows. 

This  quaint  little  sparrow  is  almost  as  characteristic  an  inhabitant  of  the  sage-brush 
plains  as  the  Bell's  finch.  Together  with  the  latter  bird  and  an  occasional  sace 
thrush  this  species  makes  up  the  usual  avian  life  of  these  forbidding  wastes  and,  in 
numbers  at  least,  the  Brewer's  sparrow  is  the  most  conspicuous  of  the  three.  Living 
often  far  distant  from  water,  and  with  no  hint  of  the  usual  attractive  surrooodinga 
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that  we  come  to  consider  as  being  necessary  to  the  happiness  if  not  the  very  existence 
of  bird  life,  onr  little  sparrow  appears  to  be  perfectly  contented  with  its  lot  and  on- 
mistakably  expresses  himself  so  in  the  nnobtmsiye  but  pleasant  little  songs  he  sends 
forth  at  odd  times  during  the  entire  day. 

In  what  appears  to  be  somewhat  exceptional  instances,  this  sparrow  varies  its  habitat 
to  a  considerable  extent.  Thus  I  have  occasionally  foand  the  summits  of  ihe  high 
peaks  to  be  occupied,  together  with  a  few  other  species,  by  the  Brewer's  sparrow. 
The  low  brush  or  **  scrub''  into  which  the  luxuriant  sub-alpine  vegetation  dwindles,  as 
the  higher  altitudes  on  the  moimtains  are  reached,  seem  to  offer  conditions  sufficientlv 
eimilar  to  its  more  usual  haunts  to  •  meet  all  requisites.  In  such  spots  the  Brewers 
sparrows  were  often  very  numerous,  while  the  presence  of  young  birds  su^iently 
attested  the  fact  that  here  was  their  summer  abode. 

The  nests  of  this  sparrow  are  very  much  like  the  usual  structures  of  the  "  chippy," 
but  appear  to  be  invariably  placed  in  a  low  bubb.  Much  variation  appears  in  the  shape  as 
well  as  the  markings  of  the  eggs.  Tbe  latter  usually  occur  as  blackish  spots  and 
blotcbes ;  these  are  generally  few  in  number,  and  are  mostly  at  the  larger  end,  leav- 
ing the  greenish- blue  ground  unoccupied  for  its  greater  part.  Some  specimens  show 
no  traces  of  black,  but  the  spotting  assumes  a  reddish-brown  or  neutral  tint,  often 
confluent  in  a  ring  at  the  larger  end.  Other  sets  have  only  a  faint  irregular  freckling 
of  the  same.  The  smaller  eggs  exhibit  a  more  or  less  decided  pyriform  sbape.  while 
those  of  larger  size  vary  in  the  direction  of  a  more  eloogated  oval.  The  following 
measurements  express  these  variations  in  size :  (67x48)%  68x47  ;  (6;<x48)«,  (62x47)«; 
69xr>0,  68X52,  65x50,  69x53. 

MEL06P1ZA  Baird. 

A  study  of  the.song  sparrows  of  the  United  States  and  adjoining  regions  reveals  an 
extraordinary  amount  of  variation,  coinciding  more  or  less  closely  with  definable  geo- 
graphical areas.  Others  of  our  species  are  possessed  of  h  Hiiuilar  wide  ran^e,  but  in 
no  other  are  exhibited  such  marked  variations  of  color  and  such  mutations  in  size  as 
in  this. 

The  song  sparrow,  although  apparently  nowhere  a  permanent  resident,  in  the  strict 
meaning  of  that  term,  that  is,  to  the  extent  of  the  same  individuals  remaining  in  tbe 
same  place  throughout  the  year,  is  yet  migratory  to  only  a  limited  degree ;  and  it  is  prob- 
able that  the  change  of  locality  with  the  migrations  is,  in  the  instance  of  none  of  the 
forms,  very  marked.  It  is  doubtless  to  this  localization  and  the  resulting  constantly- 
exerted  influence  of  the  same  circumstances  of  environment,  that  we  are  to  attribute  the 
extraordinary  tendency  in  this  bird  to  develop  into  races  and  offshoots,  according  as  its 
range  brings  it  under  differing  conditions.  As  Dr.  Cones  happily  phrases  it,  **  Migration 
holds  species  true ;  localization  lets  them  slip."  And  nowhere  is  to  be  found  a  better 
illustration  of  this  aphorism  than  is  presented  by  tht*  song  sparrow. 

A  recent  examination  of  the  extremely  large  collection  of  song  sparrows  in  the 
Smithsonian  Institution,  in  connection  with  the  extensive  suite  gathered  by  the  Expe- 
dition, has  developed  some  facts  that  appear  to  be  of  sufficient  value  and  interest  to 
warrant  brief  mention.  Here  as  elsewhere  the  variation,  through  which  the  forms 
are  indicated,  are  of  two  kinds,  viz,  a  variation  in  size  and  a  variation  in  coloration ; 
nor  is  it  easy  to  say  in  which  direction  the  changes  are  most  pronounced. 

The  only  song  sparrow  found  in  eastern  United  States,  and  which  extends  from  the 
coast  as  far  west  as  Nebraska  and  Indian  Territory,  is  the  M.  melodia ;  and  of  all  the  forms, 
except  posbibly  insignisy  this  appears  to  be  the  most  constant  in  the  maintenance  of  its 
peculiarities  over  ita  wide  habitat.  In  fact,  so  far  as  color  goes,  the  variation  appears 
to  be  scarcely  noticeable  ;  nor  is  the  variation  in  size  very  marked.  Such  as  it  is,  it 
appears  to  bear  out  the  general  rule  of  an  average  increase  of  size  to  the  northward. 
This  law,  it  may  be  remarked  here,  appears  to  be  equally  applicable  also  to  all  the 
other  races.    The  general  sameness  in  the  topographical  character  of  the  eastern  re- 

§ion  and  the  resulting  similarity  of  climate  is  doubtless  tbe  chief  .cause  of  the  slight 
eparture  from  type  to  be  observed  ic  mehdia  throughout  its  range. 
The  Rocky  Mountains  as  far  to  the  north  as  Oregon  and  to  the  south  to  our  southern 
border,  and  the  entire  region  west  to  the  Sierra  Nevadas,  is  occupied  by  the  var.  fallax. 
This  bird  is  distinguishable  from  nwlodia  by  a  generally  paler  tine  of  coloration,  by  a 
decided  increase  in  size,  especially  of  wing  and  tail,  and  by  a  slightly  longer  and  con- 
siderably more  slender  bill.  The  intergradation  of  this  form  with  melodia  is  readilv 
traceable  and  complete.  From  the  very  varied  nature  of  the  country  occupied  hyfaU 
lax,  it  being  broken  up  b^  lofty  mountain  ranges,  and  the  ensuing  differences  of  climate, 
considerable  discrepancies  might  naturally  be  expected  in  specimens  of  this  race  from 
different  localities.  Such  proves  to  be  the  case ;  and,  in  examining  a  large  series,  the 
attention  is  often  arrested  by  some  slight  phase  of  color  which  is  often  so  intangible 
as  to  practically  elude  definition,  but  which  occasionally  is  sufficient  to  identify  all 
the  individnals  from  some  one  limited  neighborhood.  So  frequently  is  this  impression 
received,  that  it  would  almost  appear  as  if  each  locality  in  the  middle  region  furnished 
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a  type  of  its  own,  exhibiting  the  main  characters  of  fallaxy  but  differing  more  or  leasa^ 
preciably.  Thns  the  region  of  the  Qila  River  affords  a  style  of  this  race  qaite  diMiori 
from  any  other.  The  principal  variation  is  seen  in  the  very  pale  reddish  tint,  with 
scarcely  a  trace  of  dusky,  which  is  especially  noticeable  in  the  streak ings  on  the  breast 
Another  phase  from  Camp  Harney,  Oregon,  is  remarkable  for  its  pale  fprtkyiah  tiots. 
Such  inter-races  are  doubtless  the  reenlt  of  causes  very  local  in  their  action,  and  ar« 
so  slight  and  inconstant  as  to  deserve  nothing  more  than  passing  notice. 

Reaching  the  foot-hills  of  the  Sierras  we  tiudfallax  beginning  to  assnroe  new  char- 
acters, and  in  the  mountains  and  along  the  western  .foot-hills  it  finally  merges  iatt 
Tar.  heermanni.  Thin  form  is  characterissed  by  a  mucn  darker  shade  of  brown  tfaaa 
either  falUix  or  melodia,  and  by  a  bill  much  stouter  than  the  former,  but  less  robust 
than  the  latter.  Heermanni  has  usnally  l>een  considered  the  Calif omiau  song  sparrow, 
the  term  thus  including  indifferently  the  birds  both  from  the  coast  and  the  interior. 
But  this  is  a  mistake.  The  type  now  before  me  came  from  Fort  Tt* Jon,  and  it  is  ia 
the  interior  only  that  the  style  to  which  this  name  was  applied  is  mot  with. 

Reaching  the  coast,  another  form  is  for  the  fimt  tim«  encountered.  This  is  the  var. 
BamueViBy  of  which  ihegouldii  of  Baird,  as  correctly  determined  by  Mr.  Ridgway,  isths 
fall  plumage.  Hitherto  some  three  or  four  individuals  from  the  vicinity  of  .San  Fraa- 
Cisco  have  l)een  taken  as  representing  all  that  was  known  of  this  race.  Bnt  no  fewer 
than  forty- six  specimens  are  now  at  hand  that  agree  well  with  the  type,  and  are  os- 
questionably  referable  here.  In  point  of  fact,  it  is  samueUB  alone  that  occurs  in  samiser 
along  and  near  the  Califomlan  coast,  and  nearly  all  published  accounts  of  the  habits, 
nesting,  <&  c,  of  the  song  sparrow  of  California  are  to  be  taken  as  referring  to  it.  The 
form  rests  chiefly  upon  its  small  size,  it  being  by  considerable  the  smallest  of  all  the  races, 
and  the  very  dark,  almost  black,  color  of  its  prominent  streakings.  Bnt  it  is  npou  & 
basis  of  size  alone  that  it  can  be  separated  from  heermanni,  both  agreeing  in  essential 
points  of  coloration.  In  fact,  the  question  might  well  be  raised  wither  it  is  neces- 
sary to  recognize  by  distinct  names  two  forms  m>m  this  region.  I  have  on  the  wbok 
deemed  it  expedient  to  do  so,  as  the  difference  of  size,  especially  of  bill,  in  apecimeoa 
from  the  respective  habitats  of  the  two,  as  indicated,  is  proncmnced  and  quite  coa- 
stant,  readily  sufficing  in  the  great  majority  of  cases  for  their  identification.  Tbss 
in  over  thirty  specimens  of  heermanni  from  Stockton,  Cal.,  kindly  furnished  by  Mr. 
Belding,  I  find  no  marked  differences,  and  all  the  individuals  from  the  interior 
that  have  been  examined,  representing  many  localities,  agree  in  large  size,  the  aver- 
age being  considerably  in  excess  of  those  from  the  coast.  A  series  of  nine  malee,  ool- 
lected  about  Oakland,  for  the  opportunity  of  examining  which  I  am  indebted  to  the 
courtesy  of  Mr.  D.  S.  Bryant,  of  San  Francisco,  are  similarly  constant  to  the  coast 
type  so  far  as  size  is  concerned,  but  vary  somewhat  in  coloration.  The  differences  are 
chiefly  as  to  the  number  and  size  of  the  black  streakings  below,  two  of  the  nine  being 
the  darkest,  and,  on  the  whole,  the  most  typical  examples  of  samuelis  1  have  seen. 

Of  the  var.  mexioana  Ridgway,  from  Southern  Mexico,  little  can  be  said,  since  the 
name  rests  upon  a  single  specimen.  This  individual  appears  to  be  recognizable  from 
the  other  races  by  its  rather  peculiar  coloration,  the  streakings  being  very  broad  as 
well  as  black,  and  by  its  small  size.  More  specimens  are  necessary  to  determine  iti 
true  relations. 

Yar.  guttata  next  invites  attention^  This  is  characterized  by  a  darker,  more  rufeaeent 
type  of  color ;  the  streaks  on  the  dorsum  are  very  indistinct,  in  some  almost  wanting. 
The  bill  is  proportionately  more  slender  than  in  any  of  the  preceding  forms. 

The  typical  home  of  this  variety  is  the  Columbia  River  region,  coastwise.  Bnt  long 
before  reaching  that  point  evidence  is  afforded  by  specimens  of  intermediate  oharaeter 
of  the  change  to  appear  farther  to  the  north.  Thus  fall  and  winter  specimens  frooi 
Nicasio,  evidently  reared  farther  north,  are  unquestionably  intermediate  in  coloration 
between  samuelis  And  guttata,  while  during  the  past  season  specimens  were  obtained 
by  the  expedition  in  Oregon  upon  the  eastern  slope,  thus  approximating  the  habitat 
of  fallaXf  that  are  no  less  intermediate  between  that  central  region  form  and  gmttmt^L^ 
the  two  forms  to  the  northward  evidently  passing,  by  insensible  stages,  into  the  latter. 
Yar.  rufina  is  simply  guttata  with  the  tendencies  of  the  latter  carried  a  step  or  two 
farther,  with  increase  of  latitude.  The  rufous  of  guttata  in  extreme  cases  iMdcooiesa 
reddish  sepia  brown  ;  the  size  is  somewhat  lai^er,  the  bill  rather  more  slender.  Thb 
is  rufina  as  found  abont  Sitka  and  southward. 

Upon  certain  of  the  Alaskan  Islands  occurs  insignis.  This  gigantic  sparrow  is  dis- 
tinguished, in  addition  to  its  great  size,  by  a  much  paler,  grayer  phase  of  color  than 
its  nearest  geographical  neighbor,  rufina.  The  streaks,  instead  of  being  nearly  or  qoite 
obsolete,  as  in  that  form,  are  well  defined  and  of  an  umber  brown. 

Of  t  n%nt«,  Bftird  and  Ridgway  say:  "Between  M.  melodia  ot  the  Atlantic  States 
and  M.  innignis  of  Kodiak  the  difference  seems  wide,  bnt  the  connecting  links  in  the 
inter-regions  bridge  this  over  so  completely  that  with  a  series  of  hundreds  of  speci- 
mens before  us,  we  abandon  the  attempt  at  speci He  separation."  •  *  *  It  cannot  bs 
denied  that  the  var.  rufina  from  Sitka  is  nearer  insignis,  by  many  degrees,  than  the 
mehdia  of  the  East,  and,  as  has  just  been  indicated,  nothing  is  wanting  in  the  chain  of 
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evidence  to  estAblisb  the  oonnectioo  between  rufina  and  melodia.  Bat,  while  admitting 
the  possibility  that  the  relations  between  inftignis  and  rufina  may  be  as  close  as  that  of 
races,  we  feel  jubtified  in  asserting  that  the  inter-ffradation,  necessary  to  establish 
this,  cannot  be  shown  from  the  material  accumulated  up  to  the  present  time.  Measr 
nrements  appended  below  demonstrate  that  between  the  largest  specimen  of  rufina 
in  the  collection  and  the  smallest  of  insignu  there  is  a  very  wide  gap.  Nor  does  there 
appear  to  be  any  known  law  of  geographical  variation  to  account  for  this. 

As  ha%  been  stated,  and  in  conformity  with  a  well-known  law,  increase  of  latitude 
seems  to  be  accompanied  by  a  general  increase  of  size.  But  this  fails  of  application 
in  the  case  of  insignia,  since  Sitka,  the  typical  locality  of  rufina.  is  in  the  same  latitude 
with  Kodiak ;  wliile  one  specimen  of  rufina,  by  no  means  the  largest,  is  present  from 
Litnya  Bay,  which  is  slightly  farther  north  than  that  island. 

Possibly  its  insular  habitat  may  be  deemed  sufficient  to  account  for  the  marked 
characters  of  inaignis,  since  in  their  power  of  impressing  peculiar  features  upon  their 
zoological  inhabitants,  islands  seem  to  have  a  law  of  their  own. 

Color  alone  considered,  although  in  this  respect  insignia  is  well  marked,  the  step  from 
rufina  appears  inconsiderable  when  it  is  remembered  the  great  change  that  has  been 
traced  between  rufina  and  melodia.  The  gap  in  size  is  much  more  impoitant.  Analoffy 
in  cases  like  the  present  has  proved  far  u-om  being  always  a  safe  guide,  and  since,  by 
the  test  of  inter-gradation,  tne  only  reliable  one,  insignia  remains  widely  apart  ftx>m 
the  others,  I  deem  it  far  safer  to  allow  insignis  to  stand  upon  its  merits  until  its  claim 
to  distinct  specific  rank  be  actually  disproven. 

Measurements  are  appended  to  show  the  average  size  of  the  various  races ;  the  largest 
and  smallest  individuals  of  each  series  are  also  given. 
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M,  melodia  fallax  (Baird).    Rocky  Mountain  Sparrow. 

This  form  was  met  with  at  several  localities  at  the  foot  of  the  eastern  slope,  althoo^ 
it  is  along  here  that  the  change  towards  the  heermanni  type  is  first  indicated ;  some 
specimens,  indeed,  from  near  Carson,  Nov.,  appear  to  be  referable  to  the  latter  variety. 

M,  melodia  guttata  (Nutt.).    Oregon  Song  Sparrow. 

If  the  song  sparrows  taken  in  Oregon  at  the  base  of  the  mount-ains  in  September 
are  summer  residents,  as  is  doubtless  the  case,  then  the  habitat  of  this  rac^  includes 
a  restricted  portion  of  the  eastern  slope.  The  specimens  alluded  to,  from  Warm 
Springs  Agency  and  Crooked  River,  while  not  typical,  are  nearest  to  the  above  race. 
At  The  Dalles,  on  the  Columbia,  in  October,  these  birds  were  extremely  abundant  in 
the  hedgerows  and  brier-patches  and  along  the  small  streams.  At  this  locality  the 
specimens  were  nearly  typical  guttata. 

Passerblla  Swainson. 

P.  iliaca  megargncha  (Bd.).    Thick-billed  Sparrow. 
This  curious  sparrow  is  present  along  much  of  the  eastern  slope  in  summer,  and 

5robably  reaches  quite  to  the  Columbia  River.    It  was  first  seen  near  Carson,  Nev.^ 
lay  16,  being  at  this  date  found  in  considerable  numbers  in  the  wild-cherry  brush 
along  the  cafion  sides.    It  was  apparently  still  on  its  way  north,  although  Mr.  Ridg- 


Digitized  by 


Google 


2278        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

way  states  that  the  bird  begins  to  move  north  aboat  the  1st  of  March.  At  a  later 
date  I  foand  the  birds  quite  common  in  tbe  scrab  on  the  top  of  Thompson's  Peak,  it 
an  elevation  of  rather  over  7,000  feet;  and  by  tbe  last  of  Joly  fully  fled|^  young 
were  taken.  Tbe  bird  is  eminently  a  mountain  form,  thick  brush  being  the  prime  m- 
Bential  to  its  choice  of  a  home.  It  never,  I  think,  descends  into  the  low  valleys,  which, 
on  the  other  hand,  seems  to  be  preferred  by  the  allied  form  eohiitaoea, 

Hedtboeles  Baird. 

H.  m€lanooq>halu8  (Sw.).    Black-headed  Grosbeak. 

By  May  15  this  species  was  very  numerous  about  Carson,  and  appeared  to  be  matio|. 
Their  food  at  this  season  appears  to  consist  largely  of  the  soft  buds  of  various  shmui, 
especially  of  the  willows. 

How  far  north  the  species  goes  Lam  not  aware,  my  note-book  simply  furnishing tiie 
statement  of  its  presence  in  Northern  California,  but  in  much  diminished  numMn. 
As  it  reaches  Fort  Steilacoom  along  the  coast,  it  may  attain  a  similar  latitude  in  Uw 
interior.  Its  habits  of  nidification  appear  to  be  everywhere  about  the  same,  and  to 
correspond  pretty  closely  with  those  of  the  rose-breasted.  Its  architecture  is  of  the 
simplest  kind,  the  nest  being  made  up  of  fine  weed-stalks  and  similar  light  material 
Vf  hich  are  arranged  in  as  circular  a  form  as  tbe  stiff,  unyielding  nature  of  the  stems  will 
ijlow.  A  lining  of  fine  rootlets  disposed  in  a  shallow  circular  form  completes  the 
structure.  This  is  almost  always  placed  toward  the  extremities  of  the  lower  limbtof 
trees,  often  overhanging  a  stream  or  deep  ravine ;  more  rarely  the  nest  is  placed  oa 
bushes. 

Three  e^gs  are  occasionally  laid,  more  nsnall  v  two.  They  are  light  blue,  irregularif 
spotted  wiUi  reddish  brown  and  purple ;  usually,  though  not  always,  meet  thieklj  at 
the  larger  ends. 

Considerable  variation  in  size  obtains  between  sets.  Two  measure  1.05  X  .73, 1.03  X  -T^ 
and  .95  x  .67,  .93  X  .08. 

Cyanospiza  Baird. 

C.  amc^a  (Say).    Lazuli  Finch. 

A  common  summer  resident  about  Carson,  but  met  with  less  frequently  toward  tbe 
north.  Nevertheless,  Cooper  reports  it  from  Pnget  Sound,  and  Suckley  found  it  ip 
numbers  in  spring  at  The  Dalles,  Oregon.  It  was  found  by  us*  to  breed  ap  to  an  alti- 
tude of  7,000  feet. 

PiPiLO  Vieillot. 

P.  maculaUis  megaUmyx  Bd.    Long-spurred  Towhee. 

This,  the  only  form  of  the  towhee  met  with  by  us,  is  extremely  numerous  along  the 
eastern  slope  as  high  as  the  Columbia  River.  I  fully  agree  with  Mr.  Ridgwaj  that 
s^cimens  of  the  Pipilo  found  along  the  eastern  slope  of  tne  Sierras  are  absolutely  in- 
distingaidhable  by  external  characters  from  megalonjfx.  They  appear  to  show  no 
approach  to  oregonu^,  as  that  variety  is  illustrated  by  individuals  from  the  north  westera 
coast.  Nor  have  I  been  able  to  find  in  the  habits,  sougs,  and  notes  of  the  Pipilo  of  tb« 
Sierras  the  striking  peculiarities  which  had  such  weight  with  Mr.  Ridgway  as  to 
induce  him  to  identify  it  as  oregonus^  in  the  face  of  its  apparent  likeness  to  mcgaltf^at 
in  form  and  colors.  On  the  contrary,  the  habits  of  the  towhees,  as  they  have  £*Uen 
under  my  notice  in  tbe  Rocky  Mountains  and  in  the  Sierras,  have  appeared  to  be 
essentially  the  same.  Mr.  Ridgway  was  especially  impressed  with  the  fact  that  the 
mewing  call,  which  all  observers  have  attributed  to  megalongx^  was  never  heard  by  him 
from  the  form  found  near  Carson.  But  a  line  in  my  note-book  records  the  fact  that 
this  same  mewing  not«  was  the  onhj  one  heard  by  me  at  this  locality.  Cooper,  how- 
ever, says  that  the  call-notes  of  these  two  forms  are  alike,  so  that  they  have  no  dis- 
tinctive value. 

In  the  matter  of  birds'  habits,  differing  circumstances  of  observation  enter  ao  largely 
as  factors  in  the  results  obtained  by  different  observers,  that  such  evidence  becoowa, 
at  best,  but  a  precarious  means  of  discrimination,  especially  between  birds  closelj 
related ;  as,  for  instance,  the  members  of  the  genus  Pipilo,  Apparent  discrepanciea  ia 
records  are  by  no  means  always,  perhaps,  in  fact,  only  in  comparatively  rare  instance*, 
attributable  to  inaccuracies  of  observation.  But  too  often  the  fact  is  overlooked,  or 
practically  ignored,  that  in  birds  of  the  same  species,  at  the  same  locality,  and  even  at 
the  same  time,  there  may  be  a  very  marked  diversity  of  habits,  which  is  an  expre«siofl 
of  nothing  more  or  less  than  individual  taste  or  the  result  of  quite  adventitious  eir- 
cumstances.  Such  being  the  case,  it  is  scarcely  to  be  wondered  at  that  in  distant 
localities,  where  the  observer  is  ever  on  the  alert  for  new  facts,  he  should,  not  infre- 

Snently,  be  misled  into  false  comparisons  by  a  note  new  to  his  experience,  or  some 
itherto  unnoticed  habit,  which,  perhaps,  had  it  been  marked  nearer  home,  would 
have  attracted  but  casual  attention. 
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By  the  above,  however,  it  is  by  no  means  intended  to  imply  that  snch  matters  are 
not  entitled  to  a  place  as  aids  to  the  proper  nnderstanding  of  the  relation  of  species 
to  each  other.  It  is  doubtless  true  that  there  is  occasionally  to  be  noticed  certain 
changes  in  respect  to  the  habits  and  songs  of  birds  that  accompany  changes  of  locality, 
and  which  may  famish  the  first  clew  to  external  variation,  in  support  of  which  they 
may  be  adduced  as  additional  and  valid  testimony.  But  It  is  no  less  true  that  the 
purely  individual  variation  in  birds'  songs  and  habits  is  often  very  great :  in  truth, 
such  appears  to  be  the  rule  rather  than  the  exception ;  a  fact  which  should  be  kept 
fully  in  mind  when  such  features  are  made  to  enter  into  the  question  of  specific  or 
varietal  distinctions. 

P.  jahlorurui  (Towns.)    Green-tailed  Finch. 

This  sparrow  is  rather  numerous  in  suminer  along  the  eastern  slope,  and  reaohet 
well  into  Oregon,  if  not,  indeed,  to  the  Columbia  River. 

Several  nests  with  eggs  were  found  in  July. 

ALAUDID^^Larks. 
Erbmophila  Boie. 

E,  alpestris  chrysolama^l)  (Wagl.).    Homed  Lark. 

The  usual  central  region  form  of  the  horned  lark  occurs  rather  numerously  about 
Carson  in  summer  upon  barren  pasture  lands,  sage  brush,  and  alkaline  flats,  <&c.  Its 
breeding  range  extends  into  Southern  Oregon,  and  perhaps  even  farther  northward. 

It  appears  to  me  that  the  identity  of  this  central  region  form  with  the  chryiiolsema 
of  Mexico  is  open  to  doubt  and  that  its  true  place  may  be  elsewhere.  Pending  an  ex- 
amination of  the  question,  however,  I  employ  the  name  in  current  use. 

ICTERID^— Orioles. 

Xanthocephalus  Bonaparte. 

X  icterocephalus  (Bp.).    Yellow-headed  Blackbird. 

'This  blackbird  is  extremely  abundant  in  all  suitable  localities  along  the  eastern 
slope  far  towards  the  Columbia  River.  In  the  latitude  of  Carson,  it  begins  to  breed 
somewhat  before  the  middle  of  May,  and  by  the  15th  the  tnle  beds,  to  which  it 
always  resorts,  will  be  found  to  contain  nests  iu  all  phases  of  construction,  while  a 
few  pairs,  more  ardent  or  enterprising  than  the  rest,  possess  their  full  complement  of 
four  eggs.  By  the  Ist  of  June  nearly  every  nest  contained  eggs  in  various  stages  of 
advancement,  while  in  not  a  few  instances  the  young  had  already  made  their  appear- 
ance. « 

The  habit  of  colonization  at  this  period  is  carried  in  this  species  to  an  extreme  not 
observable  in  any  other  of  the  family,  unless,  perhaps,  it  be  the  tri-colored,  as  that 
bird  is  found  in  Southern  California.  Thousands  fiocK  together  to  form  a  happy,  noisy 
community,  their  songs  filling  the  swampy  recesses  with  a  confused  and  indescribable 
medley.  Though  by  no  means  melody  of  a  high  order,  they  fall  not  unpleasantly  upon 
the  ear  rightly  attuned  to  bird  music,  when  they  are  correctly  interpreted  as  a  mere 
rendering  into  audible  sound  of  the  overflowing  jollity  and  good  humor  of  the  birds 
as  they  trill  forth  the  notes  in  a  happy-go-lucky  sort  of  style  from  the  swaying  reeds. 

The  nests,  while  usually  built  well  up  on  the  reeds  and  fastened  to  the  upper 
stalks,  are  not  always  so  situated,  but  are  occasionally,  as  was  noticed  in  several  in- 
stances at  Washoe  Lake,  placed  close  to  the  marshy  ground  among  the  coarse  grasses. 
When  such  is  the  case,  the  structure  is  very  similar  to  that  of  the  common  r^-wing 
under  like  circumstances.  As  the  nests  so  placed  were  among  the  earliest  found,  it  is 
probable  that  the  more  usual  positions— high  up  on  the  reeds — is  exchanged  for  one 
affording  better  protecliou  and  security  for  the  early  broods. 

Dr.  Cones  tells  us  that  the  males  appear  to  desert  the  females  during  the  period  of 
incubation.  But  if  this  be  a  matter  of  observation,  I  think  it  is,  to  say  the  least,  un- 
usual. I  have  found  the  males  of  this  species  as  domestic  in  their  habits  and  as  assidu- 
ous in  attention  to  their  young  as  any  of  the  family.  It  is  true,  as  observed  by  Mr,  Nel- 
son, that  they  are  much  shyer  than  their  mates,  the  natural  result  of  their  more  con- 
spicuous colors  and  their  distrust  of  danger  on  account  of  this.  They  are  hence  less 
often  seen  about  the  nest  when  it  is  disturbed. 

AoELiEUS  Vieillol. 

A,  ph€eniceu8  (L.).     Red-winged  Blackbird. 

An  abundant  summer  resident  along  the  eastern  slope.  More  or  less  winter  about 
Carson. 
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A.  pkiBnioeu$  guhemator  (Wagl.).    R«d  ftod  Blftck-shoaldered  Blackbird. 

This  form  U  lem  abandant  than  the  former  as  well  as  less  generally  distribaftei 
alone  the  eastern  slope.  It  appears,  as  a  mle,  not  to  be  fonod  much  east  of  this  lin, 
bat  It  is  reported  from  Camp  Harney,  Oregon,  by  Captain  Bendire.  It  is  noticeable i& 
this  connection  that  none  of  the  specimens  which  are  referable  to  this  form  from  local- 
ities east  of  the  mountains  repreoent  it  in  its  typical  condition.  Thns  from  the  n«g^ 
borhoo<l  of  Reno,  Nev.,*at  the  eastern  bsse  of  the  Sierras,  close  to  the  border  of  Cal- 
if omia,  we  have  a  series  of  specimens  the  males  of  which  have  the  crimson  shoulder- 
Satch  bordered  narrowly  with  light  bnff,  mtA  feather  of  vckitk  hordet  ia  hUtckAipfA 
Qch  individoals  appear  to  be  just  about  half-way  in  development  towards  gubermalm. 
It  is  interesting  to  note  that  in  this  same  locality  the  A.  phftnicetu  is  also  present  (botk 
breeding),  and  in  as  truly  typical  dress  as  anywhere  in  the  West.  What  proportisii 
of  individuals  represent  either  form  I  cannot  say,  but  believe  that  by  far  the  latgeil 


percentage  of  the  agelari  here  are  phtmiceM. 
It  would  thus  appear  as  f* 


I  appear  as  though  the  eastern  blackbird  extends  to  about  the  Une  of 
the  mountains  unchanged;  that  here,  the  influences,  as  of  climate,  Sec,,  first  begin  to  ba 
felt,  which,  only  partially  operative  here,  as  they  become  intensified  fsrther  to  tba 
west  result  in  effecting  the  color  change  which  is  seen  in  typical  gubemator.  In  this 
instance  it  would  appear  that  the  influences  are  sufficiently  strong  to  affect  only  a 
proportion  of  individuals,  which  from  obscure  reasons  are  more  susceptible  to  tbeir 
workings ;  while  the  majority  remain  true  to  their  type. 

If,  as  is  usually  understood  to  be  the  case,  color  varieties  are  identifiable  with  C8^ 
tain  limited  areas  of  distribution,  it  follows  that,  as  in  the  present  instance,  ^rheie  tba 
species  inhabits  continuously  a  wide  region,  the  changes  of  environment  are  more  ar 
less  gradual,  and  hence  at  certain  points  or  along  a  certain  line  of  distribation  it  ii 
brought  under  conditions  which  are  intermediate  in  character  and  force — a  sort  of 
neutral  ground,  as  it  were.  From  such  regions  come  the  specimens  which,  thoagh  oftei 
the  cause  of  no  little  perplexity  to  the  naturalist  from  the  difficulties  In  the  way  sf 
their  proper  identification,  are  yet  full  of  interest  as  furnishing  indubitable  proof  of 
the  intergradation  of  forms.  ' 

Sturm  ELLA  Vieillot. 

8,  magna  neglecia  Aud.    Western  Meadow  Lark. 

Very  numerous  throughout  this  whole  region. 

Most  of  the  nests  discovered  were  arched  over,  thus  conforming  to  the  usual  nlan  of 
structure.  In  one  instance  the  birds  seemed  to  find  the  protection  of  the  tall  giaai 
an  ample  safeguard,  and  the  nest  was  merely  a  flat  open  structure,  with  no  attempt  at 
a  roof. 

ICTRRU8  Brisson. 

/.  hullocki  (Swains.).    Bullock's  Oriole. 

Very  numerous  about  Carson  and  to  the  northward  along  the  base  of  the  monntatna 
up  to  the  Columbia  River. 

Begins  to  nest  about  Carson  about  the  middle  of  May.  After  their  arrival  amd  du^ 
ing  the  early  part  of  the  summer,  the  orioles  in  this  locality  appear  to  obtain  but  very 
little  of  their  subsistence  among  the  trees,  but  resort  in  pairs  to  the  hillsides^  where  oo 
the  ground  among  the  sage  bushes  they  appeared  to  glean  a  full  harvest.  The  exact 
nature  of  this  I  did  not  ascertain ;  it  is  probably  though  some  species  of  worm  or  cat- 
erpillar that  infests  these  plants. 

ScoLBCOPHAOUS  Swalusou. 

8,  oyanocephalus  (Wagl.).    Brewer's  Blackbird. 

This  blackbird  is  extremely  abundant  throughout  this  whole  region  as  a  summer  vis- 
itant, while  more  or  less  remain  tl  roagh  the  winter. 

Elsewhere,  as  in  the  Rocky  MonntaiDS,  I  have  found  little  disposition  on  the  part  of 
this  species  to  gather  into  communities  at  the  breeding  season.  But  in  this  region  it  is 
comparatively  unusual  to  find  this  blackbird  breeding  in  other  than  large  colonies, 
and  I  have  found  a  dozen  nests  in  the  space  of  thirty  or  forty  yards. 

The  eggs  of  no  one  of  our  birds  are  subject  to  greater  extremes  of  variation  than  those 
of  the  Brewer's  blackbird.  The  differences  are  apparent  not  only  in  the  amount  of 
markings  and  their  particular  shade  and  character,  but  also  include  much  variation  in 
size  and  shape. 

CORVID-^— Crows. 

CORVUS  LinnsBUS. 

The  question  of  the  existence  in  the  Pacific  province  of  a  species  or  variety  of  crow 
different  from  americanus  and  owifragus  is  an  interesting  one,  and  a  discussion  of  some 
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of  the  poiDts  involved  will  not  be  uninteresting,  even  if  an  entirely  definite  and  satia- 
factory  conclusion  respecting  the  relationships  of  the  eastern  and  western  birds  be  not 
reached.  The  name  oaurinus  was  proposed  by  Professor  Baird  in  1856  for  a  crow 
inhabiting  the  northwestern  coast,  and  specimens  were  cited  from  Puget  Soond  and 
Washington  Territory.  The  characters  of  the  supposed  species  rested  mainly  upon  its 
smaller  size,  together  with  certain  peculiarities  of  habits  and  notes.  But  from  the  first, 
the  exact  habitat  and  status  of  the  new  species  appears  to  haf  e  been  somewhat  doubt- 
tax  J  as  at  the  time  of  description  the  above  author  included  under  americanu$  a  number 
of  specimens  from  contiguous  regions  in  California  and  Washington  Territory,  their 
distinctness  from  the  newly-described  caurinus  being  assumed  entirely  on  account  of 
their  large  size,  no  other  dififerences  being  discernible.*' 

Binoe  then  the  different  habits  and  notes  of  the  crows  of  the  Pacific  coast  have  been 
remarked  in  turn  by  nearly  every  observer  who  has  visited  that  region,  and  appear  to 
have  been  the  main  cause  of  the  retention  of  cawrinwif  either  as  a  distinct  species  or  a 
geographical  race  of  the  common  crow.  In  fact,  habits  and  notes  aside,  no  one  appears 
to  have  been  able  to  find  a  single  tangible  character  by  means  of  which  the  so-cuilled 
caurinus  was  to  be  recognized.! 

Thus  Captain  Bendire,  in  his  list  of  Camp  Harney  birds,  in  which  he  gives  camrinuM 
as  a  ''  rare  snmmer  resident,''  remarks:  *'  If  it  were  not  for  their  [that  is,  oaurinui  and 
americanus'l  totally  different  habits,  I  could  see  no  really  good  reasons  for  separating 
this  species.'' 

Dr.  Coo|>er  seems  to  have  been  equally  doubtful  of  the  relations  of  caurinuSf  and 
says,  in  **  Birds  of  California,"  **  I  am  now  satisfied  that  there  is  but  one  species  of 
crow  on  this  side  of  the  continent,  and,  if  distinguishable  at  all  from  the  eastern,  it  is 
by  its  smaller  size,  less  graduated  tail,  more  gregarious  habits,  and  different  voice."  In 
conformity  with  this  view,  he  includes  in  the  habitat  of  caurinus^  not  only  the  Pacifio 
coast,  but  the  region  ^  east  to  the  northern  Rocky  Mountains,"  thus  entirely  excluding 
americanva  from  the  Pacific  region. 

Assuming  the  position  taken  by  Dr.  Cooper,  that  but  one  species  of  crow  is  repre- 
sented opou  the  west  side  of  the  continent,  I  have  been  able,  after  a  careful  examina- 
tion and  moasDrement  of  all  the  material  afforded  by  the  Smithsonian  collection,  to 
verify  the  statement  of  the  smaller  size  of  the  crows  from  the  Pacifio  States  only  tu  a 
•light  average,  while  among  specimens  from  this  region  are  some  of  the  largest  indi- 
viduals I  have  seen — three,  respectively  from  Tulare  Valley,  Southern  California; 
Fort  Crook,  Northern  California;  and  Camp  Harney,  Oreg.,  being  matched  in  size  by 
but  few  from  the  Eastern  States.  Nor  do  the  strictly  coast- inhabiting  birds  appear 
to  be  much,  if  any,  smaller  than  those  from  interior  districts.  At  least  they  are  not 
constantly  so,  since  Dr.  Cooper  says  '*  the  smallest  specimens  I  have  seen  were  col- 
lected by  Mr.  F.  Gruber  on  the  west  slope  of  the  Sierra  Nevada,  about  latitude  38°  30"." 

The  shape  of  the  tails  of  west  coast  specimens  appears  to  vary  In  no  particular  from 
eastern,  and  I  am  fully  convinced  that  it  is  in  vain  to  attempt  to  separate  the  crowt 
of  California,  Nevada,  Oregon,  and  probably  Washington  Territory  from  amerioanut 
by  definite  and  reliable  external  character,  the  range  of  that  species,  therefore,  in  my 
opinion,  embraein^  the  Pacific  as  well  as  the  Central  region. 

But  from  the  region  north  of  Washin^u  Territory  the  crows  appear  to  undergo  a  gen- 
eral diminution  in  size,  this  beingespecially  marked  in  respect  to  the  length  of  tarsus ;  all 
the  specimens  at  hand  from  the  northwest  coast  (including  one  from  Shoalwater  Bay) 
agree  in  small  size  and  extremely  short  tarsus.  The  general  size  of  these  birds  is  but 
little  in  excess  of  the  average  of  oeH/ragus,  But  iu  no  other  particular  are  they  like 
that  species,  being,  in  fact,  save  in  the  one  particular  of  size,  indistinguishable 
from  eastern  amerioanva.  It  was  remarked  by  Professor  Baird  that  the  CorviSm  appear 
to  form  an  exception  to  the  general  rule,  and  that  '*  the  same  species  in  southern  lo- 
calities are  larger  than  those  from  points  farther  north."  This  statement  will  require 
qualification  in  the  case  of  Cortme  var.  flaridanuSf  which,  while  averaging  in  general  sice 
a  trifle  smaller  than  Northern-born  birds,  yet  offers,  in  the  increased  size  of  bill  and 
feet,  a  marked  contrast  to  them.  But  as  applied  elsewhere  in  the  United  States  the 
statement  appears  to  hold  good,  and  especially  on  the  other  side  of  the  continent, 
where  a  decrease  of  size  with  inert^ased  latitude  appears  to  be  the  rule.  Possibly  this 
simple  statement  of  fact  is  all  that  the  difference  in  size  exhibited  by  the  crows  of  the 
extreme  northwest  requires. 

As  considerable  stress  has  been  laid  upon  the  different  habits  of  caurinui  it  may  be 

*  Prof.  Baird  farther  remarks  of  eaurintu,  after  enumerating  the  polnta  by  which  it  may  "readily  be 
diatinguished  from  the  eastern  fish  crow '*  "it  is  so  much  like  the  Corvtu  amerieanu§  as  to  be  only  dis- 
tinguishable bj  its  inferior  size  and  habits.  Indeed,  it  is  almost  a  qaestion  whether  it  be  more  than  a 
dwarfed  race  of  the  other  species." 

t  In  the  recent  work,  "  Birds  of  North  America,"  by  Baird,  Brewer,  and  Ridgway,  a  further  distinct- 
ive feature  is  assigned  to  caurinu$,  vis,  the  fact  that  the  tarsus  is  shorter  than  the  l>iU.  But  this  state- 
ment resulted  from  an  incorrect  method  of  measurement,  as  Mr.  Kidgway  now  informs  me,  the  tarsus 
being  measured  on  its  anterior  surface,  at  the  end  of  t|ie  feathering,  instead  of  from  the  Joint,  thos  giv- 
ing a  length  too  short  by  a  very  appreciable  amount.  With  the  exception  of  the  diminutive  Mexioaa 
species  (C.  nuxieanus)  all  the  North  American  crows  agree  in  having  the  tarsus  longer  than  the  bill. 
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well  to  consider  these  briefly ;  and,  first,  it  is  to  be  remarked  that  nearly  all  the  dif- 
ferences in  habits  and  notes  appear  to  apply  as  well  to  the  crows  foand  throughout 
California,  Oregon,  and  Washington  Territory  as  to  those  of  the  region  to  the  north, 
while,  as  has  Just  been  stated,  it  is  only  in  the  latter  region  that  these  are  accompanied 
by  a  single  salient  character  that  will  serve  to  identify  the  skins. 

If  habits  be  taken  as  the  test,  then  all  alike— those  from  the  far  interior  of  Oregon 
as  well  as  from  the  ooaAt,  from  California  northward — must  be  held  to  be  oaurintM, 
although,  as  has  been  stated,  a  large  proportion  of  specimens  from  Washington  Terri- 
tory southward  absolutely  differ  in  no  particular  of  form  or  color  from  others  from 
the  Eastern  States. 

If,  on  the  other  hand,  small  size,  as  exemplified  especially  in  the  short  tarsus,  be 
held  sufficient  to  characterize  the  race,  then  those  only  from  north  of  Washington 
Territory  are  eligible  to  the  name ;  and  all  from  below,  although  sharing  in  the  habits 
which  have  been  held  to  distinguu>h  cauriniUf  must  be  considered  as  americanui,  not- 
withstanding, too,  the  additional  fact  that  the  measurements  of  some  few  of  the 
smallest  of  these  latter  approximate  somewhat  closely  to  Alaska  specimens. 

It  may  be  added  that  while  observers  agree  in  the  general  statement  of  the  pos- 
session by  the  so-called  oaurinus  of  peculiar  habits,  the  accounts  of  each  vary  as  to  the 
details,  change  of  locality  evidently  producing  a  corresponding  change  in  habits.  Thus 
the  domed  nests,  made  of  mud,  which  caurinus  is  said  by  Lord  to  build  about  Sitka, 
differ  entirely  from  those  found  by  Bendire  in  Oregon,  and  by  Cooper  in  California, 
which  resembled  the  usual  style  of  the  common  crow.  Nor  do  the  piscivorous  habits  of 
oaurinus  offer  anything  very  distinctive,  since  they  are  shared  by  the  common  crow  of 
Florida  {var.  floridanu$)y  which  there  has  many  of  the  ways  of  the  true  fish  crow  (osti- 
fragus).  About  Washington,  too,  the  common  crow  and  fish-crow  go  iu  associate  bands, 
and  their  notes  alone  can  be  relied  upon  to  identify  them  as  they  feed  together  along 
the  river.  As  further  evidence  of  the  varying  habits  of  the  prows,  it  may  be  stated 
that  in  this  locality  the  fish  crow  in  turn  often  abandons  ite  usual  littoral  haunts  for 
the  plowed  fields  and  pastures  of  the  interior.  In  fact,  with  birds  possessing  the 
omnivorous  taste  of  the  crows  it  appears  to  be  quite  a  matter  of  accident  that  deter- 
mines their  hunting  grounds,  those  where  food  is  most  abundant  and  readiest  at  hand 
being  the  favorite;  hence,  of  course,  its  nature  varies  indefinitely  with  locality  and 
circumstances. 

The  alleged  more  pronounced  gregarious  habits  of  caurinuSf  even  allowing  all  that 
is  claimed,  are  probably  but  the  result  of  exceptional  conditions,  and  appear  to  be  car- 
ried in  the  northwest  but  little  farther  than  is  observable  in  the  common  crt>w  at  the 
East.  Even  on  the  Pacific  coast  the  habit  of  breeding  in  colonies  is  far  from  uni  versaL 
When  such  colonies  are  formed  they  are  as  likely  to  be  the  result  of  necessity  as  of 
choice.  As,  for  instance,  when  favorable  breeding  grounds  are  scarce,  a  more  or  less 
extensive  colonization  must  necessarily  follow,  which  is  less  marked  when  other  con- 
ditions prevail. 

As  to  notes,  this  much  may  safely  be  stated,  that  some,  at  leaut,  of  the  crows  of  the 
Pacific  province  have  a  note  dififereut  from  the  usual  one  of  aniericanus.  As  Dr.  Cooper 
says,  this  "  difiers  rather  in  tone  than  in  character."  In  other  words,  it  is  the  old-fash- 
ioned caw,  but  uttered  in  a  different  tone.  In  Southern  California,  near  the  coast,  and 
in  Oregon,  east  of  the  mountains,  I  have  on  many  occasions  heard  this  note,  which  has 
strongly  suggested  that  of  oaaifragusy  and  which  I  then  took  for  granted  as  belonging 
to  oaurinus.  But  in  every  such  instance  the  well-known  ringing  caws  of  americanuM 
were  recognized  from  the  same  flock.  Of  six  or  eight  individuals  shot  from  these 
flocks  all  proved  to  be  indistinguishable  from  americanus^  and  at  the  time  I  presumed 
the  particular  individuals  of  caurinus  must  have  escaped  me.  Now,  however,  I  feel 
tolerably  well  assured  that  all  alike  were  americanuSy  the  notes  varying  in  individuals. 
Mr.  Ridgway,  on  the  other  hand,  informs  me  that  in  his  experience  in  the  Sacramento 
Valley,  Nevada,  «&c.,  he  never  heard  any  but  the  common  note  of  americaHus. 

In  conclusion,  the  general  tenor  of  the  change  of  habits  of  the  Pacific  crow,  so  far  as 
any  are  to  be  noticed,  is  in  the  direction  of  the  fish  crow  {ossifragus)^  and  by  at  least 
one  author  the  two  have  been  regarded  as  identical.    But  in  the  proportions  of  certain 

fiarts  and  in  colors  they  are  very  distinct  from  ossifraguSy  which  may  readily  and  infal- 
ibly  be  distinguished  from  the  common  crow  from  whatever  locality  by  a  number  of 
well-defined  characters. 

At  present  I  deem  it,  on  the  whole,  advisable  to  recognize  a  race  of  the  common  crow 
from  the  extreme  northwest  coast,  from  Puget  Sound  northward,  assigning,  as  char- 
acters, small  size  iu  general,  and  especially  a  short  tarsus,  at  the  same  time  adinittiDg 
the  possibility  that  a  larger  series  from  the  region  iu  question,  together  with  additional 
data  concerning  habits,  &c.,  may  suffice  to  show  its  distinctness  as  a  species.  On  the 
other  hand,  I  am  assured  that  no  features  are  to  be  found  attaching  to  the  crows,  either 
of  the  west  coast  or  interior  south  of  the  above-mentioned  point,  that  will  warrant  the 
maintenance  of  a  name.    They,  at  least,  are  americanus, 

A  series  of  measurements  is  appended  below  to  afford  means  of  comparison  of  the 
crows  of  eastern  and  western  United  States. 
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▲MERICAKU8. 

EMt  of  Booky  KoontaiiiB : 

Average  of  S5  speoimena 

L«rgeat  indiridoAl  (Maasachusetta) 

SnuOleat  indiiddaal  (New  Mexico) 

Calif  ornU  and  Oregon : 

Average  of  6  specimens 

Largest  individoal  (Port  Crook,  CaL) 

Smalleet  individual  (Stockton,  (JaL) 

VAIL  CAUBIXUS. 

Pnget  Soand,  Alaska: 

Average  of  7  specimens ;... 

Largest  individoal  (Paget  Sound) 

Smallest  individual  (Alaska) 

VAB.  FLORID  ANUS. 

,    Florida: 

Average  of  4  specimens 

Largest  individual 

Smallest  individual 


Wing.  I    TiOL   I    BilL   j  Tanus. 


12.36 
13.00 
11.50 


11.78 
12.90 
11.00 


lass 

1L60 
10.85 


IS.  05 
12.50 
11.45 


7.24 
7.45  t 
7.00 


7.21 
7.95 
6.80 


6.68 
7.25 
6.00 


7.12 
7.25 
7.00 


L85 
2.00  I 
L72 


1.78 
1.95 
1.60 


1.70 
1.88 
1.68 


2.04 
2.10  . 
1.93  < 


2.39 
2.60 
2.25 


2.30 
2.23 
2.23 


2L00 
2L1S 
LOS 


2:49 
2.50 
2:42 


C,  camivoruSy  Bartr.    American  Raven. 

A  resident  species ;  more  or  less  common  everywhere  save  in  the  higher  mountain 
districts. 

Pyramid  Lake,  Nevada,  forms  a  favorite  resort  for  ravens  daring  the  summer,  as 
the  perpendicular  and  Inaccessihle  cliffs  about  certain  parts  of  the  lake  present  an 
abundance  of  sheltered  ledges  and  cavities  where  they  love  to  phice  their  nests.  I 
noticed  that  in  one  spot  several  pairs  had  built  within  the  space  of  a  few  vards,  a 
somewhat  unusual  circumstance,  as  ravens  are  not  apt  to  be  socially  inclined  at  this 
period. 

♦ 

C,  amaicanuSj  And.    Common  Crow. 

Although  by  no  means  as  generally  distributed  in  the  far  West  as  in  the  Eastern 
States,  the  crow  is  yet  found  in  probably  each  and  all  of  the  States  and  Territories 
west  of  the  Mississippi.  At  all  events  it  has  not  been  wanting  in  any  of  those  entered 
by  our  parties. 

Wbether  its  presence  in  the  more  remote  Western  States,  as  affirmed  by  many  of  the 
settlers,  is  a  comparatively  recent  event,  or  whether  the  cultivation  of  the  wilderness 
and  the  orchards  and  grain  fields  that  bave  succeeded  the  advent  of  the  pioneers  have 
simply  been  the  means  of  bringing  the  crow  into  direct  contact  with  man,  and  so 
of  making  its  presence  felt,,  are  questions  not  easy  to  determine.  I  am  inclined  to 
believe,  however,  that  the  crow  had  made  good  a  squatter's  right  to  the  country  long 
before  the  date  of  the  white  man's  possession,  and  to  attribute  its  present  unquestion- 
ably greater  abundance  in  sections  and  territories  where  at  first  it  was  unnoticed  to 
the  fact  of  the  concentration  of  the  species  into  civilized  districts,  where  its  sagacity 
soon  tanght  it  a  living  was  to  be  had  the  easiest. 

I  have  never  heard  laid  to  the  door  of  the  crow  the  charge  of  any  serious  depre- 
dations on  the  corn  and  grain  fields  of  the  new  Territories,  and  fancy  that  the  knavish 
tricks  of  its  eastern  cousins,  that  have  earned  them  so  bad  a  name,  bave  not  spread  so 


far — possibly  another  reason  for  supposing  that  the  western  birds  are  not  recent  migrants 
from  the  east,  else  surely  they  had  not  left  behind  such  profitable  tricks  as  pulling  up 
newly-sprouted  corn  and  other  devices  of  a  like  nature.    Doubtless  its  natural  food 


here  is  more  abundant,  and  hence,  the  struggle  for  existence  being  less  sharp,  the  crow 
finds  it  less  needful  to  employ  its  wits  to  the  end  of  getting  a  living  at  other  folks' 
expense. 

In  Oregon,  especially  east  of  the  mountains,  crows  are  very  numerous  indeed,  and  I 
saw  many  large  flocks  on  the  various  cattle  ranges,  as  well  as,  later  in  fall,  on  the  stub- 
ble fields.  Meadowy  pasture  land  and  the  vicinity  of  streams  are  the  favorite  resorts. 
The  only  difference  between  them  and  the  ''Jim  Crow''  of  the  east  that  I  could  detect 
was,  at  times,  a  difference  in  the  cawing  note,  which,  however,  as  stated  above,  seemed 
to  attach  onlv  to  individuals,  the  greater  number  in  the  various  flocks  holding  to  the 
old-fashioned  caw. 

The  "  smell  for  gunpowder"  has  evidently  not  been  cultivated  to  the  extent  that  is 
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popularly  attributed  to  the  New  England  orow,  and  it  proved  a  comparatively  ea^ 
matter  to  obtain  specimens.  However,  what  crows,  no  matter  where  hatched,  don't 
know  about  taking  care  of  themselves  Is  very  soon  acquired,  and  a  very  little  experience 
will  be  found  to  go  a  long  ways  with  them.  Naturally  the  crow  is  no  shyer  than  other 
large  birds,  and  its  extreme  wariness  at  the  East,  instead  of  being  an  indication,  aa 
some  writers  are  prone  to  construe  it,  of  a  natural  trait,  is  simply  due  to  peniecntioD, 
and  to  it  alone. 

PicicORVUS  Bonaparte. 

P.  coluMbianu8  (Wils.).    Clarke's  Crow. 
A  constant  and  abundant  resident  of  the  pineries. 

Gtmnokitta  Maximilian. 

O,  cyanocephalm  (Maxim.).    Maximilian's  Jay. 

A  numerous  and  constant  resident  of  the  low  ranges  of  pillon  hills.  Along  mnch  of 
our  route  from  Northern  California  northward  along  the  base  of  the  Sierra  and  Cascade 
Ranges  this  Jay  was  entirely  absent,  the  nature  of  the  country  being  unsuited  to  its 
peculiar  economy.  At  certain  points  in  the  Des  Chutes  Basin,  however,  it  waa  noticed 
m  great  numbers.  Here  they  were  feeding  upon  a  purple  berry,  the  source  of  which 
I  could  not  ascertain,  but  of  which  their  crops  were  full,  as  well,  too,  upon  the  seeds 
of  the  yellow  pine. 

I  am  ind6bted  to  mv  friend  Mr.  H.  G.  Parker,  of  Carson,  Nev.,  for  an  aoeoont  or 
the  nesting  habits  of  this  jay  in  his  neighborhood.  He  informs  me  that  late  in  Btaroh 
thousands  breed  upon  the  pi&on  hills,  tne  colonies  consisting  of  a  variable  number  of 
pairs ;  occasionally  isolated  nests  are  found,  but  this  appears  to  be  rather  exceptionaL 

Sggs  were  taken  April  10. 

The  single  nest  he  has  sent  for  examination  shows  an  unexpected  degree  of  taste  and 
akill  in  the  arrangement  of  the  material,  which  is  drawn  very  largely  nrom  the  pinous. 
An  external  base  of  twigs,  which  appear  to  have  been  broken  off  from  the  ends  of  the 
branches,  affords  firm  support  for  the  nest  proper,  which  is  a  compact,  deeply  hollowed 
cup,  made  of  strips  and  shreds  of  bark  from  the  sage  bush.  Finer  strippings  of  the 
same  with  a  few  straws  complete  the  lining. 

The  nest  is  usually  placed  near  the  top  of  the  tree,  sometimes  near  the  extremities 
of  the  branches,  occasionally  close  to  the  trunk.  In  an^  event  it  is  but  a  few  feet 
from  the  ground,  for  the  pifion  rarely  indeed  attains  a  height  of  twenty  feet. 

The  coloration  of  the  eggs  is  very  peculiar,  and  they  are  unlik^  those  of  any  other 
Jay  that  I  have  ever  seen.  They  are  greenish-white,  marked  with  numerona  spots 
of  brown  and  purple.  As  usual,  this  latter  tint  is  due  to  the  overlaying  crust  of  shell, 
and  is  not,  strictly  speaking,  a  normal  color.  The  markings  are  thickest  at  the  greater 
ends,  and  tend  towards  aggregation  in  circles.  A  set  of  four  eggs  measure  ( 1.27  x  •87)', 
1.27  X. 88,  1.27  X. 87. 

Pica  Vieillot. 

P.  melanoleuca  hudsonioa  (Sab.).  Magpie. 

In  the  settled  portions  of  Nevada  and  Eastern  California  of  slight  elevation,  and 
especially  in  the  wooded  tracts  that  mark  the  courses  of  the  streams,  the  magpie  is  a 
constant  resident,  and  one  which,  from  itsisize  and  general  conspicnousneas,  is  not  liable 
to  be  overlooked.  The  thickets  along  the  Carson  River  serve  as  favorite  breeding 
grounds  for  great  numbers  of  this  species ;  in  fact,  I  have  never  seen  it  more  abundant 
than  here. 

As  noisy  and  as  easily  irritated  into  vociferous  demonstration  as  is  the  magpie  under 
ordinary  circumstances,  no  sooner  has  the  breeding  season  fairly  begun  than,  under 
influence  of  the  new  feelings  and  emotions  that  have  sprung  in  to  existence,  our  magpie 
seems  to  lose  its  voice,  and,  from  being  one  of  the  most  garrulous  of  the  feathered 
community,  subsides  into  a  very  quiet  and  matter-of-fact  sort  of  individual,  as  if  per- 
fectly aware  of  the  danger  its  usual  boisterousness  is  likely  to  bring  upon  its  home. 
To  prove  that  this  quiet  demeanor  is  but  a  cloak  assumed  for  a  season,  in  obedience 
to  an  instinctive  apprehension  of  danger,  it  is  only  necessary  to  approach  With  too 
curious  eyes  the  nest  of  one  of  a  community  of  pairs,  especially  if  it  chance  to  con- 
tain young.  Under  such  circumstances  the  intruder  will  find  himself  the  target  for 
imprecations  and  anathemas,  delivered  with  such  unotion  and  effect  from  a  dozen 
an^ry  throats,  that  he  will  probably  be  ^lad  to  finish  his  investigations  in  a  hurry  and 
retire  from  the  ground.  In  such  a  strait  the  pairs  make  common  cause,  and  their 
audacity  is  in  strong  contrast  to  their  usual  wariness. 

In  the  neighborhood  of  Carson  every  thicket  of  sufficient  density  to  screen  its  bulky 
nest  contains  one,  of tener  several,  of  the  structures,  that  are  bo  characteristic  as  to 
at  once  proclaim  their  ownership. 
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While  the  magpie  is  to  no  inconsiderable  extent  a  sharer  in  the  nataral  cnnntng,  so 
Justly  attributed  to  it«  relatives  the  crows,  a  fact  in  its  history  now  and  then  comes 
to  notice  which  wonld  appear  at  first  thought  to  negative  the  possession  of  this  trait ; 
as,  for  instance,  the  place  and  position  in  which  their  nests  are  occasionally  found.  Not 
only  do  these  often  seem  to  be  imperiled  by  their  proximity  to  the  ground,  being 
sometimes  but  a  foot  or  two  above  it,  but  at  times  not  the  slightest  attention  will  be 
paid  to  their  concealment.  I  have  in  mind  a  certain  point  along  the  Carson  River 
where  some  dead  trees  are  found,  in  which  the  magpies  have  nest^  for  apparently  a 
long  period,  and  where  their  nests  are  visible  for  a  distance  of  many  hundred  yards. 
But  as  a  matter  of  fact  the  eggs  or  youn^;  are  less  liable  to  danger  than  would  at  first 
thought  be  supposed,  and  doubtless  experience  has  taught  the  birds  this.  In  selectiog 
sticks  aod  twigs  for  the  outer  nest  the  magpie,  probably  by  design,  chooses  such  as,  from 
their  scraggly,  thorny  nature,  they  are  enabled  to  so  firmly  interlock  that  all  chance  of 
forcible  entry  except  through  the  small  aperture  in  the  side  left  for  the  purpose  is  cut 
off,  and  every  foe  provided  against  except  man  alone.  Indeed,  I  have  myself,  more 
than  once,  found  it  a  far  from  easy  matter  to  gain  the  interior  through  this  thorny 
barrier. 

So  far  as  humans  are  concerned  tde  magpies  have  but  little  to  fear,  as  their  market- 
able value,  fortunately  for  themselves,  amounts  to  next  to  nothing.  For,  notwith- 
standing the  fact  that  they  may,  when  taken  in  hand  young,  be  readily  tamed  and, 
after  the  proper  manipulation,  be  taught  to  talk,  they  are  so  noisy  and  their  disposi- 
tions so  extremely  mischievous,  that  a  short  experience  usually  results  in  their  being 
voted  a  nuisance,  and  hence  they  stand  in  low  favor.  So  a  few  taken  for  pets  and 
an  occasional  nest  destroyed  by  mischievous  boys  sum  up  the  dangers  of  the  magpie's 
housekeeping. 

The  labor  of  this  is  pretty  evenly  divided.  Upon  the  females  devolves  the  main 
task  of  incubation,  relieved  now  and  then  by  their  partners.  The  latter  are  away 
from  home  most  of  the  time  busily  occupied  in  foraging,  since  not  only  have  they  their 
own  appetites  to  appease,  but  it  is  their  duty  to  provide  for  the  females  engaged  in 
their  enforced  duty.  Upon  the  appearance  of  the  young  both  birds  share  equally  in 
attention  to  their  wants. 

About  Carson  the  eggs  are  not  deposited  before  the  1st  of  March,  but  as  late  as  the 
12th  of  May  quite  a  number  of  nests  were  found  to  contain  fresh  eggs. 

Ctanura  Swainson. 

C.  stellerifrontaliSf  Bidgw.    Blue-fronted  Jay. 

This  form  of  the  Steller'sjay  has  been  traced  by  the  expedition  from  the  Coast  and 
Sierra  Ranges  of  Southern  Califomia  into  the  Cascade  Mountains  of  Oregon,  and  so  on- 
op  to  the  Columbia  River,  at  which  point,  however,  the  form  does  not  cease,  but  con- 
tinues into  Washington  Territory. 

As  is  well  known,  this  bird  is  represented  in  the  Rocky  Mountains  by  the  long- 
crested  variety,  in  which  the  streaks  of  the  forehead  are  of  a  faint  bluish- white  instead 
of  blue,  and  the  upper  eyelid  is  conspicuously  patched  with  white.  Two  specimens 
oollecteid  at  the  base  of  the  Cascade  Range  are  worthy  of  note  in  this  connection,  since, 
while  they  represent  the  normeA  frontalis  type  in  every  other  particular,  both  show  un- 
mistakable traces  of  this  white  patch,  which  in  one  is  quite  conspicuous ;  a  hint,  as  i  t 
were,  of  the  new  character  to  be  assumed  farther  to  the  eastward. 

A  description  of  the  young  in  first  plumage  is  subjoined. 

First  plumage, — Above,  dark  plumbeous ;  head  darker,  with  no  trace  of  blue  BtreaJcB  on 
f oreheaid ;  wings  blue,  barred  with  black,  as  in  adult ;  belly  light  blue ;  breast  and 
throat  plumbeous;  chin  with  light  space. 

Cyanocitta  Bonaparte. 

C.  floridanus  cal\fomicus  (Vig.)*    Calif omian  Ground  Jay. 

Numerous  in  the  brushy  foot-hills  to  a  considerable  distance  north  of  Carson,  Nev. 
A  single  specimen,  the  only  one  seen,  was  taken  at  The  Dalles,  on  the  Columbia,  Oc- 
tober 4,  and  it  perhaps  occurs  here  and  there  over  the  intervening  ground. 

Nuttall  found  the  species  common  at  Fort  Vancouver,  on  the  west  side  of  the  Cas- 
cade Mountains,  in  October,  and  indicates  its  occurrence  as  far  north  as  the  Frazer's 
River.  This  was  in  1H34,  and  it  appears  to  have  escaped  the  observation  of  all  the 
more  recent  explorers  of  the  same  region.  Recently  Mr.  C.  Rood,  of  Portland,  Oreg., 
informed  me  that  this  jay  is  abundant  near  the  mouth  of  the  Willamette  River,  in 
both  Oregon  and  Washington  Territories. 

All  the  specimens  we  have  seen  from  along  the  western  slope,  although  not  typical 
of  the  above  race,  are  best  referable  to  it.* 

*In  which  connection  see  annual  report  of  this  survey  for  1877,  p.  1305. 
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A  description  of  the  first  plumage  of  this  form  is  added  from  a  fledgeling  taken  at 
Eagle  Lake,  California,  in  July. 

Prevailing  color  above,  plumbeous  brown  ;  head  with  bluish  cast ;  wings  and  tail 
bln6,  as  in  adult ;  below  ashy  white  ;  feathers  on  throat  and  breast  showing  do  traces 
of  streaks ;  sides  of  head  and  an  imperfect  bar  across  breast  dusky  plumbeous.  A 
conspicuous  white  line  above  and  behind  the  eye. 

Perisoreous  Bonaparte. 

P.  obacuruSf  Ridgw.    Oregon  Gray  Jay,  "  Meat  Bird." 

This  bird  wasnot  recognized  as  distinct  from  theCanada  jay  (P,canadmiU)  until  quite 
recently,  when  Mr.  Ridgway  described  under  the  above  name  specimens  from  Shoal- 
water  Bay,  and  indicated  Washington  Territory,  Oregon,  and  the  northwest  coast 
generally  us  its  habitat.  Mr.  Ridgway,  however,  included  the  form  under  head  of 
catmdenith,  presuming  it  to  represent  the  Pacific  coast  variety  of  that  bird,  as  cayi- 
talis  does  the  Rocky  Mountain  form. 

A  recent  investigation,  in  connection  with  Mr.  Ridgwav,  of  a  better  series  of  speci- 
mens than  was  available  when  obscurus  was  described,  leads  to  the  belief  that  this  form 
is  entirely  distinct  from  the  Canada  jay,  its  peculiarities  being  of  a  kind  not  explain- 
able upon  any  theory  of  geographical  variation.  As  ^ood  descriptions  of  oh$cunis  an 
found  elsewhere,  I  need  here  merely  allude  to  its  chief  distinctive  points,  viz :  the 
conspicuous  white  shafts  of  the  feathers  of  the  back  and  scapulars,  and  the  ashy 
white  under  parts,  tending  to  brown  only  along  the  sides.  In  these  particulars  it  dif- 
fers conspicuously  from  the  others. 

During  the  past  season  obacut'us  was  found  to  be  a  resident  of  the  mountains  from 
Northern  California  to  the  Columbia  River,  its  range  being  thus  extended  very  materi- 
ally.   The  young  in  nesting  plumage  were  taken  near  Camp  Bidwell,  California. 

My  specimens  from  the  above  region  agree  with  the  types  in  essential  respects ;  in 
fact  the  only  difference  appears  to^e  in  regard  to  the  amount  of  white,  especially  on 
forehead,  it  extending  farther  b^ck  towards  the  occiput  than  in  the  coast  examples, 
while  the  general  tints  also  are  lighter. 

A  comparison  of  specimens  of  the  Canada  jay  from  Alaska  and  Maine  reveals  con- 
siderable difference.  In  fact,  extreme  examples  of  the  Alaska  type  appear  to  show 
peculiarities  of  color  suffioieut  to  warrant  their  separation  as  a  varietv.  Even,  how- 
ever, in  the  small  series  from  the  former  region  in  the  Smithsonian  collection,  there  is 
a  very  noticeable  amount  of  purely  individual  variation,  and  some  specimens  cannot 
be  discriminated  from  Maine  examples.  So  that,  on  the  whole,  I  do  not  consider  the 
difference  sufficient  to  Justify  a  new  name.* 

That  the  Rocky  Mountain  form  capitalis  intergrados  completely  with  canadentU  there 
oan  be  no  doubt,  although  typical  specimens  of  capitalis  offer  very  tangible  differences. 
In  the  northern  Rocky  Mountains,  as  in  Montana,  the  peculiarities  of  this  race  very 
sensibly  diminish,  and  the  tendency  towards  the  canadensis  type  is  marked.  From 
farther  south  and  in  its  region  proper,  no  specimens  appear  to  be  found  which  are  not 
wholly  characteristic  of  capitalis. 

The  following  measurements  express  the  variations  in  size  between  the  forms  : 


P.  eanadentiis: 

Averageof  especimens 

Larfcest  individual 

Smallest  individual 

Alaska  specimens,  P.  canadensis : 

Average  of  7  specimens 

Largest  individual 

Smiulest  individual — 

Yar.  capitalis : 

Averageof  10  specimens 

Largest  individual 

SmiQlest  individual 

P.  ohacurus: 

Average  of  7  specimens 

Largest  individual 

Smulest  individual 


Wing. 


5.61 
5.84 
5.33 


5.43 
5.67 
5.10 


6.04 
6.35 
5.72 


5.53 
5.7tf 
5.  S3 


Tail.       BilL      Tartos. 


5.93  i 
6.07  I 
5.54    I 


.83     I 
.73     • 


5.«6 

5.65 

.85 

6.99 

.80 

6.12 

.82 

5.55 

.73 

5.38 

.71 

5.58 

.69 

5.12 

.72 

L3S 
1.45 
LSI 


1.39 
L4e 
L98 


1.31 
L4e 
L3i 


1.31 
.321 
.961 


*  Since  the  above  was  written  Mr.  Hidgway  informs  me  that  he  has  given  the  name  Jiimiftvns  to 
the  Alaskan  coast  form. 
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I 

As  will  be  noticed,  Alaska  specimens  appear  to  average  considerably  smaller  than 
those  from  Maine. 

Yar.  capitalis  nnderfi^s  a  decided  increase  in  length  of  wing,  without  a  corresponding 
increase  m  size  of  tail. 

In  obacurus  the  proportions  of  wing  and  tail  are  reversed,  it  being  the  only  one  which 
has  the  tail  shorter  than  tbe  wing. 

Habits— As  Northern  California  is  reached,  the  Oregon  gray  Jay  becomes  a  familiar 
object  of  attention  in  the  pine  woods,  of  which  it  is  a  constant  resident.  Along  the 
Upper  Des  Chutes  River  the  ''meat  birds,"  as  they  are  suggestively  termed  by  the 
hunters,  were  very  numerous ;  so  numerous,  in  fact,  and  so  quietly  persistent  in  their 
attendance  about  the  cook-fire,  that  they  became  positive  nuisances.  When  they  are 
inclined  towards  familiarity,  they  carry  their  boldness  to  a  surprising  extent.  Every 
morning  about  sun-up,  from  six  to  a  dozen  or  more  presented  themselves  in  the  trees 
overhanging  camp,  and  the  momentary  absence  of  the  cook  from  his  charge  was  con- 
strued as  an  invitation  to  the  feast,  and  down  they  swooped  upon  the  nearest  morsel 
of  food.  Almost  everything  edible  seemed  to  be  acceptable,  although  their  preference 
for  raw  meat  was  plainly  evidenced.  Finally,  when  the  cook's  patience  gave  out,  the 
shotgun  was  brought  into  requisition,  which  diminished  the  number,  without  having 
any  visible  effect  m  checking  the  rapacity  of  tbe  survivors.  Several  were  readily 
caught  by  means  of  a  bent  pin  fastened  to  a  string  and  baited  with  scraps  of  venison. 
They  are  not  always  by  any  means  so  bold  as  in  this  locality,  and  a  dark  form,  visible 
for  an  ipstant  as  it  flits  noiselessly  through  the  sombre  pines,  is  often  the  only  proof 
of  the  presence  of  the  species. 

I  have  always  found  the  Rocky  Mountain  gray  jay  to  be  a  very  silent  bird.  But 
this  species  has  a  variety  of  odd  notes,  a  sort  of  squeaking,  whining  call  being  the  most 
common.    Cooper  also  assigns  this  species  a  "considerable  variety  of  song.'' 

TYRANNIDiE— Tyrant  Flycatchers.    ^ 

Tyrannus  Cuvier. 

T.  verticaliSf  Say.    Arkansas  Flycatcher. 

A  very  numerous  summer  resident.  It  was  not  observed  by  us  farther  north  than 
Southern  Oregon,  but  doubtless  this  was  owing  to  tbe  lateness  of  the  season,  as  it  was 
found  by  Suckley  at  The  Dalles,  and  even  farther  north  in  Washington  Territory. 
The  T.  carolinen»is  was  not  met  with,  but,  according  to  Mr.  Ridgway,  occurs  in  sum- 
mer in  Western  Nevada  (Truckee  Valley). 

Mtiabchus  Cabanis. 

M,  cinerascena  (Lawr.).    Ash-throated  Flycatcher. 

Common  on  the  foot-hills  near  Carson,  but  apparently  a  rare  summer  visitant  far- 
ther north  along  the  eastern  slope.  A  single  individual  was  seen  at  Honey  Lake,  Cal- 
ifornia. 

Satorrnis  Bonaparte. 

S.  sayrn  (Bp.).    Say's  Flycatcher. 

Numerous  along  the  eastern  slope.  This  species  is  in  the  habit  of  building  about 
barns  and  outbuildings,  in  this  res}>ect  being  like  the  eastern  Phcebe.  A  curioust  nest- 
ing site  selected  by  one  pair  was  a  little  niche  in  the  sandy  wall  of  a  disused  well,  and 
some  twenty  feet  or  more  from  the  top.  The  problem  oi  getting  the  young  up  the 
old  birds  had  yet  to  solve. 

The  S.  nigricans  appears  not  to  be  present  in  this  region,  although  it  is  common  to 
the  west  of  the  mountains  in  Oregon. 

CONTOPUS  Cabot. 

C.  horealis  (Sw.).    Olive-sided  Flycatcher. 

This  flycatcher  occurs  in  summer  all  along  the  eastern  slope  up  to  the  Columbia 
River,  and  probably  still  farther  to  the  north.  It  does  not  appear  to  be  as  numerous 
here  as  in  the  Rocky  Mountains,  or  even  in  the  region  west  of  the  Sierras. 

C.  virens  richardsoni  (Sw.).    Western  Wood  Pewee. 

A  common  summer  visitant  of  the  mountains.  A  nest  found  June  26  contained  two 
eggs  somewhat  advanced. 

This  flycatcher  appears  to  vary  the  position  of  its  nest,  sometimes  building  in  the 
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forlL  of  a  limb,  at  other  times  placing  it  on  the  broad  upper  surface — ^in  other  words, 
saddling  it.  The  same  yariation  in  plan  is  observable  in  the  nests  of  our  eastern  pewee, 
although  in  both,  the  latter  method  seems  to  be  the  favorite. 

The  nest  alluded  to  above,  as  alsoasecond  found  July  23,  wassaddled  upon  the  terminal 
fork  of  a  cotton  wood,  and  was  similar  to  the  usual  style  of  the  eastern  pewee,  except  that 
the  exterior  lacked  the  customary  sprinkling  of  lichens  given  it  by  the  latter  bird.  In- 
stead it  was  dressed  with  shreds  of  a  white  oott<dny  sutistance  and  gray  fibrous  bark, 
which  served  admirablv  to  harmonize  its  tints  with  those  of  the  light  bark  of  the  tree, 

Srecisely  the  same  end  bein^  thus  attained  as  effected  bv  the  otner  bird,  each  using 
iie  material  best  adapted  to  its  own  case.  It  would  indeed  be  a  '*  blind  "  instinct  that 
should  induce  the  western  pewee  to  adopt  for  its  nest  the  cloak  of  lichens,  the  invari- 
able and  successful  resort  of  its  eastern  relative,  an  instinct  that  would  prove  fatal  to 
the  safety  of  its  home,  and  only  serve  to  invite  the  very  danger  of  conspicuousness 
which  it  is  its  chief  object  to  avoid.  The  contrast  of  differing  means  to  the  same  end 
which  is  displayed  in  the  architecture  of  these  two  flycatchers  is  one  of  many  equally 
good  illustrations  which  might  be  cited  to  prove  the  presence  in  birds  of  a  somethiDg 
higher  than  mere  hereditary  instinct,  and  shows  that  only  by  granting  the  existence 
of  an  amount  of  reasoning  power  can  we  explain  the  readiness  with  which  a  species 
adapts  its  existence  to  new  conditions,  and  the  fertility  of  resource  which  prompts  the 
choice  of  means  to  a  necessary  end. 

Empidonax  Cabot. 

E.  trailUf  And.    Traill^s  Flycatcher. 

Western  specimens  of  this  bird  have  usually  been  considered  to  represent  a  light- 
colored  race,  and  have  found  mention  under  name  of  var.  pusillu,  I  think  Mr.  Ridg- 
way  iR  correct  in  the  view  recently  expressed,*  and  that  western  and  eastern  birds  & 
not  differ  sufficiently  to  warrant  their  separation. 

The  puMllus  of  Swainsou  was  accepted  by  Professor  Baird  as  applying  to  the  west- 
em  bird,  but  apparently  with  some  doubt,  as  Swainson's  description  applies  almost 
equally  well  to  minimu9,  I  prefer,  therefore,  to  fall  back  upon  the  trailU  of  Audubon^ 
including  under  this  name  both  eastern  and  western  birds. 

The  Trails  flycatcher  is  a  numerous  summer  resident  of  the  eastern  slope,  well  up 
into  Oregon.  It  loves  to  frequent  the  willow  thickets  along  the  streams,  even  follow- 
ing  them  to  a  high  elevation  in  the  mountains. 

E,  obscurus  (Sw.).    Wright's  Flycatcher. 

Apparently  rather  uncommon  as  a  summer  inhabitant  of  the  mountains,  where  only  it 
is  found  at  this  season.  It  appears  in  summer  never  to  frequent  the  same  situations  as 
the  preceding  bird,  although  the  two  may  inhabit  the  same  general  locality.  Thu& 
the  borders  of  a  stream  which  meanders  through  au  alpine  valley,  and  which  is  hedgea 
by  willows,  will  be  found,  almost  to  a  certaintv,  to  be  inhabited  by^  the  little  flycatcher, 
while  the  present  species  never  intrudes  on  the  domain  of  this  bird,  but  is  coDtented 
with  the  hillsides  above,  where  it  lives  under  the  pines  and  among  tne  chaparral. 

It  would  be  interesting  to  study  out  the  probable  causes  which  tnus  lead  two  species 
so  closely  allied  as  these  two  flycatchers,  with  the  same  general  habits  and  economy, 
with  precisely  the  same  method  of  capturing  food,  and  living  within  sight,  as  it  were, 
of  each  other,  to  so  maintain  their  own  preserves  as  never  to  clash  with  each  other. 
A  possible  explanation  suggests  itself  in  varying  tastes  as  to  food,  since  it  is  probable 
that  each  locality  differs  enough  in  the  character  of  its  plants  to  harbor  different  kinds 
of  insects,  and  hence  to  fumisn  each  species  with  its  own  particular  bill  of  fare. 

A  nest  found  June  22  contained  four  fresh  eggs.  These  are  yellowish-white,  and 
unspotted.'  The  nest  was  an  extremely  neat,  pretty  structure,  composed  externally  of 
strips  of  white  bark,  with  an  internal  lining  of  fine  grasses  and  feathers.  It  had  a 
depth  of  two  inches,  and  an  internal  diameter  of  the  s^me.  It  was  singularly  ex- 
posed to  view,  being  placed  on  an  open  bush  on  a  hillside,  where  it  was  overshadowed 
by  large  pine  trees. 

The  E,  hammondi  is  said  to  also  occur  along  the  eastern  slope,  but  I  did  not  meet 
with  it. 

CAPRIMULGID^-Ooatsuckers. 

Chordbilks  Swainson. 

C  popetue  henryif  Cass.    Western  Night  Hawk. 

An  extremely  abundant  summer  visitant  through  California,  Oregon,  and  into  Wash- 
ington Territory. 

*  Ornithology  of  the  Fortieth  Parallel,  page  539. 
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Several  sets  of  cm^  were  found,  wbioh  seemed  to  have  been  deposited  on  the  ground 
]iap-ha£ard,  with  R^e  or  no  attention  to  special  locality. 

ASTROVTOHVB  Goold. 

A.  nutuau,  And.    Nnttall's  PoorwiU. 

In  the  neighborhood  of  Carson  the  poorwill  arrives  from  the  sonth  in  the  early  days 
of  May.  It  soon  becomes  generally  and  conunonly  distributed  over  nearly  all  the 
region  embraced  in  the  present  report,  bein^  scarcely  less  numerous  towards  the  north. 
Both  Cooper  and  Buckley  note  its  presence  m  the  portions  of  Oregon  and  Washington 
Territory,  east  of  the  mountains,  and  indicate  negatively  its  absence  to  the  west. 

TROCHILIDiE^Hnmming  Birds. 

Stellula  Gould. 

S,  calliope^  Gould.    Calliope  Humming  Bird. 

The  raoffe  of  this  diminutive  humming-bird  is  now  pretty  well  made  out.  It  has 
long  been  known  as  a  resident  of  the  west  coast,  and  there  extends  over  much  of  Cali- 
fornia, Oreson,  and  Washington  Territory,  where  in  summer  it  is  confined  to  the  mount- 
ains. To  the  eastward  its  summer  habitat  appears  to  be  in  general  limited  by  the 
eastern  slope,  along  which,  in  Nevada,  California,  and  Oregon,  it  was  found  by  our  par- 
ties to  be  very  numerous.  In  fall,  at  least,  it  reaches  as  far  into  the  middle  region  as  the 
East  Humboldt  Mountains,  where  found  in  August  by  Mr.  Ridgway.  New  Mexico  and 
Arizona,  as  determined  by  oar  parties,  complete  its  limited  range  in  the  central  regions 
and  likewise  its  known  dispersion  within  our  limits.  Jt  may  breed  in  the  latter  Ter- 
ritories, as  specimens  were  obtained  in  July.  That  it  does  so  along  the  eastern  slope 
there  is  no  possible  doubt,  as  about  the  middle  of  June,  in  Eastern  California  (Honey 
Lake),  1  often  saw  the  females  most  busily  at  work  gathering  stores  of  down  from  the 
willow  catkins,  then  hanging  full,  to  weave  into  nests.  I  was  left  to  conjecture  that 
the  location  of  these  was  in  the  high  branches  of  the  firs  and  other  evergreens,  as  I 
failed  to  discover  a  single  one,  which  could  hardly  have  been  the  case  had  they  been 
in  positions  at  all  accessible. 

The  males  were  at  that  season  very  restless  and  wary,  and  to  procure  specimens 
proved  no  easy  matter.  The  flower  which  here  is  most  resorted  to,  not  alone  by  this 
but  by  other  bummers,  is  a  species  of  CastiUeia  which  is  found  along  the  banks  of  most 
all  the  mountain  streams.  Wherever  these  blosoms  are  numerous,  the  hum  of  wings 
of  these  busy  little  pilferers  as  they  dart  to  and  fro  is  constant. 

Humming-birds  have,  however,  in  this  section,  another  and  less  usual  source  of  food 
supply,  to  which  my  attention  was  attracted  while  in  the  mountains  near  Camp  Bid- 
well.  For  several  of  the  earlv  hours  of  morning  I  noticed  that  the  humming-birds 
hovered  about  the  upper  branches  of  the  firs  and  spruces,  precisely  as  if  feeding,  to  the 
entire  neglect  of  the  flower-bordered  streams  which  occupied  their  attention  later  in  the 
day.  As  this  is  the  time  when  they  are  hungriest,  I  could  only  account  for  their  actions 
on  the  supposition  that  they  were  feeding  upon  *^  honey  dew.''  As  this  may  not  be  famil- 
iar to  all  my  readers,  I  wiU  state  that  it  is  a  sweet  saccharine  substance  that  is  depos- 
ited upon  the  foliage  of  trees  and  shrubs  in  many  localities  of  this  region  by  certain 
small  insects,  the  plant-feeding  Aphides,  It  is  often  found  in  considerable  quantities, 
so  considerable  in  fact  that  in  some  places,  as  I  was  informed,  the  Indians  collect  it  by 
threshing  the  plants  after  the  sun  has  evaporated  it  into  a  sugar,  and  make  use  of  it  as 
food.  That  it  is  sweet  and  palatable,  I  myself  can  testify,  and  doubtless  as  much  so 
to  the  delicate  taste  of  the  humming-birds  as  to  the  human  palate.  In  early  morning, 
before  the  sun*s  rays  have  evaporated  it,  **  honey  dew  "  is  found  in  a  semi-li()uifiea 
state,  and  then  would  be  as  easily  managed  by  the  brush-tipped  tongues  of  the  birds  as 
the  nectar  of  flowers.  Without  doubt,  too,  the  birds  secure  many  small  insects  which 
resort  to  feed  upon  this  substance. 

Here  I  wish  to  notice  what  I  believe  was  an  error  of  identification  on  the  part  of  Dr. 
Cooper  when  he  mentioned  the  broad-tailed  humming-bird  (•$.  ptalyoercus)  as  common 
at  Lake  Tahoe  in  September.*  This  is  quite  out  of  the  area  of  the  known  distribution 
of  that  bird,  which  is  distinctively  a  central  region  species.  Stellulay  on  the  other 
hand,  is  a  common  summer  resident  of  this  region  and  could  scarcely  have  been  over- 
looked. It  is  not,  however,  mentioned  by  hira  from  that  locality.  Hence  I  infer  that 
his  specimen  of  supposed  platycercus  was  really  the  SteUula^  more  especially  because  he 
appears  to  have  been  in  doubt,  and  states  that  at  first  he  supposed  the  species  to  be  ^. 
ru/us.  In  this  latter  supposition  he  may  have  been  correct,  but  as,  farther  on,  when 
speaking  of  the  Stellula  as  seen  in  the  Cascade  Mountains,  he  says  he  there  mistook 
that  species  for  the  young  of  N.  rufa,  we  may  presume  his  mistake  to  have  been  the  same 


*  Binls  of  California,  voL  1, 1^70,  p.  357. 
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In  both  intiancMy  and  that  the  Lake  Tahoe  birds  were  the  SteUula^  as  the  Cascade  lloooi- 
ain  birds  proved  to  be.  It  is  to  be  remarked  that  the  yoang  of  several  of  the  hammen 
are  really  so  iniioh  alike,  especially  those  of  calliope  and  rw/n*,  that  a  very  carefol  oob- 
parison,  which  is  rarely  possible  in  the  field,  is  necessary  to  distingaiah  tliem. 

Troghilus  Linnnns. 

T.  aUxandri^  Bonre.  and  Mais.    Black-chioned  Hamming  Bird. 

This  species  appears  to  be  a  by  no  means  common  snmmer  resident  along  the  esston 
slope,  and  to  have  there  a  limited  distribution.  It  was  observed  and  specimens  wen 
procnred  in  Jane  in  Eastern  California  along  Honey  Liake.  Farther  north,  in  tiie 
moan  tains  near  Camp  Bid  well,  the  species  was  present  in  July. 

Selasphorus  Swainson. 

8.  rufu9,  (GmeL).    Bafous-backed  Hamming  Bird. 

This  hammer  is  probably  rather  local  as  a  summer  resident  of  the  eastern  slops,  h 
the  sammer  of  1876 1  did  not  find  it  breeding  in  Eastern  California,  althoa^b  plentifiil 
enough  there  in  f alL    It  appeared  to  be  rather  namerons  in  sammer  near  Camp  Bidvell. 

ALCEDINIDiE— Kingfishers. 

Cerylk  Boie. 
C.  alc^oa  (L.).    Kingfisher. 
Of  common  occarrence  on  all  the  fish-stocked  streams. 

PICID^^Woodpeckers. 

Hylotomus  Baird. 

JS,  pilcaiut  (L.).    Pileated  Woodpecker. 

The  "  log  cock  "  was  not  noted  by  oar  narty  at  aay  point  along  the  eaatem  slopei 
notwithstanding  that  the  heavily  timberea  mountains  would  appear  to  favor  itopni' 
ence.  On  the  Columbia,  to  the  west  of  the  divide,  it  was  said  by  the  lumbermen  tote 
a  numerous  and  constant  resident.  I  shot  a  fine  male,  the  only  one  seen,  at  the  Csi' 
cades,  in  October. 

Picus  LinnsBUs. 

P.  villosM  harrUi  (A.ud.).    Western  Hairy  Woodpecker. 
Numerous  as  a  resident  of  the  pineries. 

P.  puhesoens  gairdneri  (And.).    Western  Downy  Woodpecker. 

Along  the  eastern  slope^  as  everywhere  throuf^hout  the  middle  region,  this  is  a  nn 
species,  and  but  a  single  individual  was  seen — ^in  Chewaaoan  Valley,  in  Aognst. 

P.  alholarvatu9  (Cass.).    White-headed  Woodpecker. 

This  woodpecker  appeared  to  be  less  common  everywhere  along  our  rente  to  tte 
north  than  in  the  pineries  Immediately  west  of  Carson.  It  occurs  neverthelesi  ben 
«nd  there  as  a  resident. 

PicoiDES  Lac^pMe. 

P.  arctiouB  (Sw.).    Arctic  Woodpecker. 

A  rather  common  and  constant  resident  of  the  pine  woods  from -Carson  north  wtrl 
into  Oregon. 

Sfhtrapicus  Baird. 

S,  varius  nuohalis  (Bd.).    Bed-naped  Woodpecker. 

This  middle  region  form  extends  across  from  the  Bocky  Moontains,  and  ocean  ii 
>eainmer  along  the  eastern  slope.  Beyond  this  we  have  no  evidence  of  its  presenoe^  it 
being  replaced  upon  the  west  coast  by  the  following  bird. 

Mr.  Bidgway  alludes  to  the  fact  that  in  the  region  between  the  Boc^  Mountaiiu 
and  the  Cascade  Bange  specimens  of  this  form  give  evidence,  by  the  admiztare  of  red 
in  the  black  auricular  stnpe,  the  black  pectoral  collar,  and  in  the  white  area  snnoimd- 
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tng  it,  of  the  change  soon  to  result  in  the  variety  ruber,  in  which  these  parts  are  red. 
Two  males,  however,  taken  in  the  Warner  Mountains,  Northern  California,  show  no 
such  tendency,  but,  on  the  contrary,  are  not  distinguishable  from  Boeky  Mountain 
specimens. 

S,  variua  ruber  (6m.).    Red-breasted  Woodpecker.  ^ 

Somewhat  to  my  surprise  I  was  able  to  obtain  no  evidence  that  this  variety  sum- 
mers along  the  eastern  slope,  and  am  compelled  to  believe  that  it  is  only  found  here 
in  the  character  of  a  fall  and  winter  visitor. 

S,  thyroideus  (Cass.).    Brown-headed  Woodpecker. 
Of  rather  frequent  occurrence  all  through  the  mountains. 

ASYNDESMUS    COUCS. 

A.  tcrquatus  (Wils.).    Lewis  Woodpecker. 

Nowhere  in  its  wide  range  is  this  species  more  abundant  than  at  the  base  of  the 
eastern  slope,  through  Nevada,  California,  and  Oregon.  It  was  seen  at  The  Dalles  dur- 
ing the  last  of  October,  and  according  to  Buckley  it  remains  here  during  the  winter. 

COLAPTBS  Swainson. 

C.  auratus  mexioanue  (Sw.).    Hed-shafted  Flicker. 

An  abundant  and  widely-distributed  species.  The  birds  of  the  eastern  slope  appear 
to  be  the  typical  mexioanus,  and  I  have  never  seen  a  specimen  from  this  region  show- 
ing iotermediate  characters.  In  the  Sacramento  Valley  and  about  San  Francisco  such 
specimens  are  comparativelj^  common,  and  the  manner  and  degree  in  which  individnaJlB 
assume  the  characters  of  either  race  vary  indefinitely. 

STRIGID^— Owls. 

Strix  Linnseos. 

8,  flammea  amerioana  (And.).    American  Bam  Owl. 

ThoQgh  a  very  common  inhabitant  of  California,  especially  in  the  southern  portion, 
and  extending,  according  to  Cooper,  as  high  as  the  Columbia  River,  this  owl  appears 
to  ouutine  its  range,  so  far  as  this  region  is  concerned,  to  the  country  west  ox  the 
Sierras,  and  it  does  not  appear  in  any  of  the  sectional  lists  east  of  that  range  between 
Kansas  on  the  east  and  ij'izona  on  the  south.  That  it  does  occur  on  the  east  side  of 
the  Sierras  I  obtained  ample  proof  during  the  past  season.  Near  the  Madeline  Plains 
in  EnRtem  California  I  found  scattered  feathers  of  barn  owls,  indicating  that  they  in- 
habited the  thickets  along  the  streams.  At  Camp  Bidwell  it  seemed  to  be  a  tolerably 
common  species,  and  on  several  occasions  individuals  were  started  up  as  they  were 
roosting  among  the  tauffled  willows.  This  was  late  in  September.  It  also  appears  to 
be  of  at  least  occasional  occurrence  in  Western  Nevada,  and  Mr.  H.  6.  Parker  has  in- 
formation of  the  capture  of  a  specimen  or  specimens  near  Carson. 

It  is  one  of  the  most  strictly  nocturnal  of  the  family,  and  as  its  diurnal  retreats  are 
usually  of  the  most  inaccessible  character,  the  bird  readily  eludes  casual  observation. 
Hence  it  is  likely  to  prove  to  be  more  widely  dififused  in  the  interior  province  than  we 
are  at  {present  aware. 

Otu8  Cuvler. 

O.  vulgaris  wilsoniantia  (Less.).    Long-eared  Owl. 
Numerous  in  the  thickets  of  the  lowlands,  where  it  is  resident  throughout  the  year. 

0.  bradhyottu  (Stev.).    Short«eared  Owl. 

This  owl  was  found  to  be  common  in  the  sedgv  marshes  about  Warner  Lake.  Oregon, 
and  doubtless  inhabits  similar  localities  throughout  Eastern  California  and  Nevada. 

Bubo  Dnmeril. 

B,  virginianua  eub-arcticu8  (Sw.).    Western  Great  Homed  Owl. 

Often  heard  in  the  mountains,  where  it  is  resident.  Two  individuals  of  the  many 
seen  were  obtained  in  the  Cascade  Mountains.  They  represent  the  common  interigi: 
type. 


Digitized  by 


Google 


2292        BEPORT  OF  THE  CHIEF  OF  ENGINEERS. 

Spbottto  Gloger. 

S.  ounictUaria  hypogcBa  (Bp.)*    Burrowing  Owl. 
Nnmeroos  in  all  suitable  looalities  through  this  region. 

FALCONID.£— Hawks,  Eagles,  etc 

CiKCUS  Lac^pMe. 

C.  cyaneu8  huds&nius  (L.).    Marsh  Hawk. 
Very  numerous  in  every  suitable  locality. 

AcapiTBB  Bonaparte. 

A»fu8CU8  (Gm.).    Sharp-fihini^ed  Hawk. 

A  single  specimen  only  of  this  hawk  was  obtained,  at  the  Columbia  River,  in  Octo- 
ber. 

A,  cooperi  (Bon.).    Cooper's  Hawk. 

Appears  to  be  much  more  numerous  in  this  region  than  the  preceding.  Seen  on  the 
Columbia  in  October. 

AsTUR  Jard.  and  Selby. 

A,  atricupiUus  (Wils.).    American  Goshawk. 

This  fine  hawk  was  seen  at  several  points  along  the  Cascade  Mountains  in  Oregon, 
where  it,  without  doubt,  breeds.  •      "^ 

I  had  very  little  chance  to  observe  its  habits ;  probably  they  do  not  differ  essentiallj 
from  those  of  its  smaller  relatives.  One  that  I  shot  on  the  Williamson's  River  was  ia 
hot  chase  of  a  kingfisher,  which  he  doubtless  would  have  seized  in  another  moment. 
Anotheri  on  the  same  river,  was  noticed  chasing  a  night  heron.  The  attack  was  per- 
sistently kept  up,  but  evidently  with  no  intention  on  the  part  of  the  hawk  of  malun? 
the  heron  his  prey.  Forclug  the  heavy -winged  heron  into  the  open,  the  hawk  would 
close  in  and  apparently  give  the  ungainly  bird  a  buffet  with  his  wing,  which  each  time 
produced  a  loud  and  discontented  s<|uawk.  It  occurred  to  me,  as  a  possible  solution 
of  the  motive  of  the  hawk,  that  he  intended  to  force  his  victim  to  throw  up  any  fi^ 
it  might  have  secured,  and  so  furnish  him  an  easy  dinner. 

Falco  Linnaeus. 

F,  lananm polyagrus  (Cass.).    Prairie  Falcon. 

A  widely-diffused  species,  and  common  in  certain  localities  of  this  region,  as  near 
Camp  Bidwell. 

In  the  fall  its  habits  as  truly  entitle  it  to  the  appellation  of  "  duck  hawk"  as  its 
relative  the  F,  anatum.  The  latter,  although  not  falling  under  our  observation,  cer- 
tainly occurs  in  this  region,  but  by  no  means  as  commonly  as  its  ally. 

F,  richnrdsoni,    Richardson's  Falcon. 

The  presence  of  this  falcon  was  noted  in  several  localities  in  Oregon  and  Northern 
California,  and  two  specimens  in  immature  plumage  were  taken. 

J^.  sparverius  (L.).    Sparrow-Hawk. 

Very  common  throughout  this  whole  region. 

The  west  side  of  Chewaucan  Valley  had  suffered  severely  from  a  visitation  of  that 
sQouree  of  the  western  farmer,  the  grasshoppers.  Here  in  Au^st  the  sparrow-hawks  had 
assenibled  in  hundreds  and  were  holding  high  carnival,  and  although  in  instances  like 
the  present  their  numbers  prove  wholly  insufficient  to  cope  against  the  vast  myriadb 
of  these  destructive  insects,  yet  the  work  of  the  sparrow-hawk  is  by  no  means*  so  in- 
significant that  it  should  not  be  remembered  to  his  credit  and  earn  him  well-merited 
protection.  His  food  consists  almost  entirely  of  grasshoppers  when  they  are  to  be  had^ 
and  as  his  appetite  appears  never  to  become  satiated,  the  aggregate  in  numbers  which 
are  annually  destroyed  by  him  must  be  enormous. 

BuTEO  Cuvier. 

-B.  swainsoni  (Bp.).    Swainson's  Hawk. 

Very  numerous  in  summer  in  the  low  parti  ally- wooded  country  near  the  mountains. 
I  noticed  more  of  these  hawks  in  Northern  California  than  farther  south,  but  this  in- 
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crease  in  nnmbers  may  have  been  only  apparent,  and  dae  to  their  concentration  as  fall 
approached. 

B.  borealis  calurus  (Cass.).    Western  Red-tailed  Hawk. 
Numerous  throughout  all  the  heayily- wooded  portions  of  the  region. 

Archibuteo  Brehm. 

A.  ferrugintus  (Jjioiit.),    California  Squirrel  Hawk. 
A  hawk  was  seen  in  Northeastern  California  which  I  believed  to  be  of  this  species. 

A.  lagopus  sanciijohannis  (Gmel.).   Bough-legged  Hawk. 
Common  in  fall  in  marshy  localities. 

Aquila  Brisson. 

A,  ohrysaMtos  cancidensis {lj,y    Golden  Eagle. 
Occurring  more  or  less  numerously  among  the  mountains.  ' 

HALiA.fiTUS  Sayigne. 

JET.  leucocephalus  (L.).    American  Eagle. 

This  eagle  may  fairly  be  said  to  abound  on  certain  of  the  mountain  lakes  of  this  re- 

on,  Eagle  Lake  indeed  receiving  its  name  from  the  number  of  these  birds  that  in- 
iabit  its  shores.  Rajrely  disturbed,  they  are  much  less  shy  than  usual,  evidence  of 
this  fact  beinj;  apparent  in  the  accessible  situations  which  their  nests  occupy.  Sev- 
eral were  noticea  in  the  splintered  tops  of  pines,  the  low  heights  and  convenient 
branches  of  which  placed  them  within  easy  reach. 

One  nest  that  I  visited  as  late  as  July  10  contained  two  young,  still  unable  to  fly, 
though  in  size  fully  grown. 

Along  the  Columbia,  eagles  are  so  common  that  they  scarcely  attract  attention. 
Here  they  are  useful  as  iscavengers,  and  dead  and  dying  salmon  form  a  very  consider- 
able portion  of  their  fare. 

PAifDiON  Savigne. 

P.  Kalia'eUis  carolinensU  (Gmel.).    Fish  Hawk. 

Present  on  nearly  all  the  streams  and  lakes  that  furnish  fish.  Extremely  abundant 
at  Klamath  Lake. 

CATHARTID^— American  Vultures. 

Rhixogryphus  Ridgw. 

R,  aura  (L.).    Red-beaded  Vulture. 

Generally  distributed ;  in  some  localities,  as  near  Honey  Lake,  California,  very  numer- 
ous. Not  seen  at  the  Columbia  River  in  October.  Nor  was  the  Califomian  vultore 
{Pseudogryhm  californianus)  observed  along  the  river,  although.  Judging  from  the  ac- 
counts of  Cooper  and  Suckley,  it  formerly  periodically  visited  its  shores,  attracted 
thither  by  the  dead  salmon,  which,  during  the  "  ran,''  often  line  the  banks.  The  ac- 
counts of  these  authors  date  back  to  1854,  dnd  since  that  time  the  numbers  of  this  huee 
vulture  have  been  so  diminished  by  the  use  of  poison,  intended  to  kill  off  wild  animab, 
that  it  is  now  in  comparison  almost  extinct,  and  the  sight  of  a  California  vulture  is  at 
present  a  rare  event  in  localities  where  a  few  years  ago  it  was  very  numerous. 

COLUMBID^— Doves. 

Zbnaidura  Bonaparte. 

Z.  carolinensis  (L.).    Turtle  Dove. 

Arriving  in  the  vicinity  of  Carson  about  the  1st  of  May,  the  "doves"  soon  become 
extremely  numerous,  not  only  here  but  all  along  the  eastern  slope,  far  up  into  Oregon 
and  Washington  Territor>^ 

By  the  game  law  of  Nevada  this  species  is  exempt  from  protection  at  anv  and  all 
^seasons,  and  as  it  is  about  the  only  bird  here  that  affords  wing-shooting,  it  hence,  in 
the  neighborhood  of  the  towns,  receives  considerable  attention  at  the  nands  of  thf 
gunners,  especially  during  the  early  portion  of  its  visit  in  spring. 
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It  begins  to  nest  about  the  middle  of  May,  and  then  its  persecution  perforce  ceaaes,^ 
since  it  no  longer  resorts  to  the  stubble-fields  and  pastures  for  food,  but,  having 
paired,  retires  to  the  hills,  where  it  is  out  of  reach. 

The  numbers  killed,  althonsh  in  some  sections  very  great,  appear  ttThave  no  visible 
effect  in  diminishing  its  abundance. 

It  migrates  south  early,  and  but  few  are  to  be  found  in  Nevada  by  the  end  of 
August.  As  late  as  the  23d  of  September  I  noticed  a  few  young  birds,  probably  the 
late  second  broods,  still  lingering  about  the  stubble  along  Crooked  River,  Oregon. 

COLUMBA  Linnaeus. 

C./a«cta/a  (Say).    Band- tailed  Pigeon. 

At  The  Dalles  I  caught  a  glimpse  of  a  solitary  individual  which  I  identified  as  thia 
species.  It  is  said  bv  both  Cooper  and  Suckley  to  be  abundant  to  the  west  of  the 
mountains,  and  doubtless  wanders- across  the  range  with  greater  or  less  frequency,  the 
abundance  or  scarcity  of  food,  especially  acorns,  having  much  to  do  in  determining  its 

Eresence  or  absence  in  a  region.    Dr.  Newberry  speaks  of  it  as  occurring  at  The  Dalles 
1  f alL 

tETRAONID^— Grouse. 

Canacb  Bonaparte. 

C.  oh$euru8  (Say).    Dusky  Grouse. 

The  ''blue  grouse,'*  which  is  found  in  the  Sierra  and  Cascade  Ranges,  at  least  along 
their  eastern  slopes  and  as  high  up  as  the  Columbia  River,  is  the  typical  middle  region 
form,  obacurua. 

The  mountain  forests,  especially  those  composed  largely  of  firs  and  spruces,  abound 
with  this  fine  game-bird.  Several  broods  of  young  chicks  were  found  about  the  middle 
of  June. 

First  plumage  of  young. — Feathers  of  the  back  and  wings  (except  primaries)  with 
broad  central  line  of  white,  and  marked  transversely  with  spots  and  bars  of  black 
and  rufous  brown;  thr«>at  and  belly  brownish  white;  breast  and  sides  of  body  pro- 
fusely maculated  with  black. 

Cektrocercus  Swainson. 

C.  urophasiantis  (Bp.).    Sage  Hen. 

Numerous  as  is  this  species  in  many  portions  of  the  Rocky  Mountain  region,  it  ap- 
pears to  be  even  more  abundant  in  the  sterile  tracts  that  lie  jnst  east  of  the  Siena 
Nevada  and  Cascade  Ranges,  where  it  is  generally  diffnsed  in  all  snitable  localities 
from  a  point  well  up  towards  our  northern  boundaries  to  as  far  south  as  the  Mojave 
Rivep  where  reported  by  Cooper.  The  most  southern  point  at  which  the  bird  was 
encountered  bv  our  parties  was  about  fifty  miles  south  of  Carson,  as  indicated  by  Liieu- 
tenant  Macomb.  Somewhat  to  the  north  of  here  it  begins  to  be  very  numerous,  and  in 
certain  localities,  as  near  old  Camp  Warner,  Oregon,  its  numbers  are  simply  astonish- 
ing. A  day's  ride  through  this  section  in  almost  any  direction  will  reveal  band  after 
band,  many  containing  numerous  individuals. 

During  the  summer  it  inhabits  preferably  the  low  mountains  and  hills,  which  are 
only  saved  from  utter  barrenness  and  destitution  by  a  growth  of  sage  or  brush  of  simi- 
lar kind  and  a  scanty  covering  of  coarse  grass.  The  little  valleys  intervening  contain 
occasional  springs,  which  with  the  surrouncKng  plats  of  green  verdure  form  little  oases, 
and  these  are  the  centers  around  which  congregate,  at  least  thrice  a  day,  all  the  sage- 
hens  within  a  considerable  area.  When  making  the  usual  night's  camp  we  have  often 
started  up  fifty  or  more  of  these  big  grouse  almost  within  stone's  throw  of  the  solitary 
pool  of  water.  At  midday,  too,  flocks  of  old  and  young  love  to  come  in  from  the 
sterile  tracts  where  they  have  been  feeding,  to  drink  and  bathe  and  repose  in  the  gn^ 
f  nl  shade  which  they  find  only  in  such  spots. 

After  the  young  are  able  to  run  about,  I  believe  the  mother  bird  assumes  sole  ehaige 
over  them,  and  that  the  old  cocks  assemble  into  bands  and  remain  by  themselves.  I 
have  on  several  occasions  seen  a  dozen  or  more  old  males,  lean  in  flesh  and  with  plnai- 
age  soiled  and  worn,  thus  associated.  The  old  cock,  under  such  circumstanoesi  is  a 
wary  bird  and  knows  well  how  to  take  care  of  himself.  Little  need,  however,  has  he  of 
his  caution,  since  his  toughness  and  general  unsavoriness  wiH  be  likely  to  cause  anyone 
who  once  has  made  his  acquaintance  on  the  table  to  give  him  a  wide  berth  in  the  fotora 
But  it  is  some  time  ere  the  young  learn  fully  the  necessary  lessen  of  eaation  and  self-de- 
pendenee,  and  even  after  they  have  become  almost  fully  grown  they  may  frequeotir 
be  put  up  one  by  one  and  killed  without  causing  the  dispersion  of  the  net  of  the  baa4 
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In  fact,  the  tameneas  of  the  saee  hen  when,  say,  two-thirds  erown,  is  occasionally  so 
remarkable  as  to  appear  scarcely  credible.  As  an  instance,  I  remember  on  one  occa- 
sion, when  in  one  of  the  wilder  districts  of  Oregon,  pointing  ont  a  pair  to  a  comrade, 
who  had  expressed  a  desire  to  tr^  a  shot  on  the  wing  at  this,  to  him,  new  game.  Un- 
screened by  cover,  the  pair  permitted  him  to  approach  within  a  dozen  feet  or  so,  re- 
garding with  mild  wonder  his  demonstrative  motions,  and  even  failing  to  take  alarm 
when  dirt  and  pebbles  were  tossed  at  them.  With  the  remark  that  they  were  too 
slow  game  for  him,  my  disgusted  friend  left  them  to  resume  their  picking  among  the 
herbage,  which  they  did  wnile  we  were  still  regarding  them. 
Dnnng  the  months  of  Jnne,  Jnly,  and  Angaft  the  yonn^  are  very  tender,  and,  if 

Sroperly  attended  to  by  being  drawn  as  soon  as  shot,  are  f^r  eating,  but  this  is  the 
mit  of  praise  that  my  taste,  at  least,  will  permit  me  to  bestow. 

Pedkecbtes  Elliott. 

P.  pkoBianellus  columbianus  (Ord).  Southern  Sharp-tailed  Qronse. 

This  grouse  appears  to  be  entirely  absent  from  Eastern  California  and  Western  Ne- 
vada, except  in  the  upper  districts.  About  Camp  Bidwell,  Cal.,  the  "  sharp-tails ''  are 
sufficiently  numerous  to  afford  excellent  shooting,  and  good  bags  may  be  made  there. 
Farther  north  in  Oreffon.  and  especially  on  the  grassy  plateaus  that  border  the  Columbia 
River  and  on  the  rolling  niUs  for  a  hundred  miles  south,  it  is  extremely  abundant.  Most 
of  this  section  is  quite  uncultivated,  and  the  ffrouse  live  amonff  the  dry  hills  and  get  fat 
upon  their  natural  food  of  seeds,  berries,  and  insects.  They  descend  regularly  into  the 
valleys^  as  well  to  get  water  as  to  roost  in  the  brush  at  night.  A  stubble-field  of 
wheat  IS  sure  to  attract  them  in  great  numbers,  especially  towards  £Eill,  and  they  seem 
to  prefer  this  fare  to  aught  else. 

ihave  never  had  any  experience  in  the  field  with  the  true  prairie  chicken  (C7.  cupido), 
but,  judging  from  the  written  accounts,  the  general  habits  of  the  two  birds  are  ex- 
tremely similar. 

BoNASA  Stephens. 

B^  umbfillu8  BoMnii  (Dougl.).    Red  Ruffed  Grouse. 

This  form  of  the  ruffed  grouse  occurs  abundantly  along  the  eastern  slope,  although 
perhaps  not  until  Oregon  is  entered.  At  least,  Fort  Klamath  was  the  first  point  at 
which  I  obtained  undeniable  proof  of  its  presence. 

It  may  here  be  remarked  that  the  grouse  of  this  region,  while  referable  as  above, 
do  not  typically  represent  the  variety  8abiniif  which  reaches  its  maximum  of  develop- 
ment, as  indicated  oy  depth  of  color  and  redness  of  tint,  only  on  the  Pacific  slope. 

In  the  dense  coniferous  forests  that  border  the  Columbia,  as  it  passes  through  the 
Cascade  Mountains,  these  ffronse  are  found  in  very  great  abundance,  the  almost  im- 
penetrable undergrowth  of  deciduous  bushes,  with  their  nutritious  fare  of  buds  and 
berries,  greatly  favoring  its  presence,  as  offering  both  food  and  cover. 

It  is  scarcely  necessary  to  add  any  details  respecting  the  habits  of  this  bird ;  for  in 
this  remote  region  it  appears  the  exact  counterpart  of  the  familiar  partridge  of  'New 
England.  True,  they  are  here  very  tame  and  almost  devoid  of  fear  of  man ;  so  tame 
are  they,  in  fact,  that  without  a  dog  it  is  well  nish  useless  to  attempt  their  pursuit. 
Provided  with  almost  any  sort  of  a  cur  that  will  run  through  the  bushes  and  bark 
when  the  birds  wing  their  way  to  the  nearest  tree,  which  they  will  Invariably  do  when 
started,  almost  any  desired  nnmber  may  be  potted ;  for  "  pot  hunting  "  it  is,  and  noth- 
ing else. 

Much  the  same  statement  may  be  made  of  the  conduct  of  the  ruffed  ^prouse  in  the 
more  remote  New  England  districts,  as  in  some  unfrequented  parts  of  Maine ;  so,  with 
a  statement  of  general  conformity  of  habits,  the  subject  may  be  left. 

PERDICIDiE— Quails. 

Orborttx  Baird. 

0.  piehu  (Dougl.).    Mountain  QuaU. 

Judging  from  the  personal  field  experience  of  the  past  three  seasons,  this  fine  game* 
bird  is  much  more  numerous  within  an  area  of  twenty-five  miles  of  Carson  than  any- 
where to  the  northward.  In  fact,  it  is  only  at  rare  intervals  that  it  aijpears  to  cross  the 
mountains  and  appear  along  the  eastern  slope.  Evidence  upon  this  point  is  not  so 
full  as  could  be  aesired,  since  its  introduction  at  the  hands  of  man  at  certain  points 
renders  the  question  of  its  natural  distribution  in  this  region  a  difficult  one  to  deter- 
mine. In  general,  it  is  safe  to  say  that  the  places  where  they  have  reached  and  main- 
tained a  residence  along  this  slope  are  very  few.  Nevertheless,  about  Carson,  at  Easle 
and  Honey  Lakes,  Cal.,  and  at  The  Dalles,  on  the  Columbia,  their  presence  was  de,^ 
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teoted,  and  is  to  be  accounted  for  throagh  the  natural  disperBion  of  tbe  species.  Else- 
where ae  at  several  localities  near  Camij  Bidwell,  Cal.,  the  several  covies  are  the  de- 
scendants of  birds  brought  from  the  Pacific  slope  and  let  loose  to  shift  for  themselves. 
They  are  nowhere  in  this  region  very  numerous. 

I)iB8ripti<m  of  first  plumage  of  young. — Prevailing  color  of  the  head,  neck,  back  and 
breast  grayish  olive,  more  plumbeous  beneath,  and  everywhere  more  or  less  sprinkled 
with  white ;  the  markings  on  the  breast  lar^r  and  of  more  regularly  deltoid  form ; 
chin,  whitish;  throat  and  cheeks  mixed  with  dark  plumbeous,  a  duskv  anricalar 
patch  with  an  indistinct  whitish  liy^ust  above.  Crent,  1^  inches  long ;  black,  wiUi 
tips  irregularly  marked  with  zigzag  Tines  of  pale  fulvous.  Scapulars,  wioff-coveiti, 
tertialSy  and  rectrices  pale  brownish,  finely  vermiculated  witn  dusky.  Abdomea 
whitish ;  flanks  marked  with  chestnut  and  white ;  bill  blackish ;  feet  pale  brown. 

LoPHORTYX  Bonaparte. 

L,  califomicus  (Shaw).    California  Valley  Quail. 

This  quail  is  nowhere  indigenous  along  the  eastern  slope,  as  the  high  mountalna  oflSBr 
a  complete  barrier  to  its  extension.  Those  introduced  about  Carson  appear  to  just 
hold  their  own. 

CHARADRIIDJE— Plovers. 

^aiALms  Boie. 

A,  vodferus  (L.).    Killdeer  Plover. 

An  abundant  summer  inhabitant  of  this  whole  region,  the  mountains  excepted. 
Nests  on  the  marshy  borders  of  all  the  lakes.  Numerous  fresh  eggs  were  foozid  at 
Washoe  Lake,  Nevada,  May  30. 

RECURVIROSTRID^— Stilts,  Avocets. 

RscuRViROSTRA.  Liunasus. 

JR,  americana  (Qmel.).    American  Avooet. 

Our  knowled^  of  the  range  of  this  species  over  the  United  States  is  so  full  and 
complete  that  little  remains  to  be  added.  Except  immediately  upon  the  Pacific  coast, 
where  it  is  found  in  comparatively  small  numbers,  no  portion  of  the  Rocky  Mountains 
and  the  region  to  the  westward  has  been  entered  by  our  parties  without  finding  this 
bird,  at  the  proper  season  and  in  suitable  localities,  abundant. 

During  the  migrations  its  distribution  in  the  West  is  extremely  general,  and  its 
presence  is  to  be  expected  along  all  of  the  streams,  ponds,  and  lakes,  except,  perhaps, 
m  the  highest  mountainous  districts,  from  the  Mississippi  to  the  Pacific. 

In  the  breeding  season  its  range  is  scarcely  less  restricted,  and  those  sections  only 
are  exempt  from  its  visits  that  lack  the  necessary  requisites  to  its  mode  of  life  at  tiiis 
period. 

In  the  neighborhood  of  Washoe  Lake,  Nevada,  it  is  especially  numerous,  and  here, 
about  the  middle  of  May,  I  found  the  birds  paired^  while  some,  at  least,  were  building. 
They  were  first  noticed  on  some  small  ponds  near  the  shores  of  the  lake,  a  locaU^ 
quite  typical  of  their  choice  at  this  season.  The  muddy  fiats  of  such  little  inlets  always 
prove  more  attractive  to  birds  of  their  habits  than  larger  bodies  of  water,  inasmuch  ss 
the  shallows  permit  them  to  wade  about  with  perfect  freedom ;  while  food,  which  in 
summer  consists  very  largely  of  the  larvae  of  aquatic  insects,  is  more  abundant  in 
these  tepid  waters,  as  well  as  more  readily  obtained.  I  have  sometimes  thought  that 
alkaline  marshes  and  ponds  were  really  preferred  by  these  birds,  attributing  this 
choice  to  the  possible  fact  of  the  greater  auundance  of  the  larvse  alluded  to  in  such. 
Be  this  as  it  may,  the  fact  that  water  happens  to  be  extremely  brackish  and  alkaline 
is  at  least  no  drawback  to  the  avocets. 

While  the  avocets  are  waders  in  the  fullest  meaning  of  the  term,  they  are  alsoad^t 
swimmers  when  choice  or  necessity  calls :  but  of  this  accomplishment,  so  far  as  my  obser- 
vations go,  they  rarely  when  unmoleatea  avail  themselves.  I  remember  on  one  occasion 
to  have  seen  a  wing-tipped  avocet  trust  itself  pluckily  to  the  waters  of  a  broad  lake 
and  swim  steadily  out,  though  in  the  face  of  a  gale  that  I  should  have  thought  a  duck 
could  scarcely  have  stemmed ;  since  which  time  I  have  always  entertained  a  high 
opinion  of  the  natatorial  powers  of  this  species,  although,  as  remarked  before,  they 
are  usually  held  in  abeyance. 

On  the  occasion  of  mv  first  visit  to  the  place  mentioned  above,  I  found  the  birds, 
with  now  and  then  a  stilt,  in  considerable  force,  and  so  great  was  their  solicitude  at 
my  intrusion  and  so  vehement  their  outcries,  that  I  took  it  for  granted  I  was  in 
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immediate  proximity  to  their  nests.  My  search  proying  of  no  avail,  I  accepted  without 
hesitancy  the  apparent  fact  that  I  had  anticipated  by  a  few  days  their  nesting-time ; 
and  it  was  not  an  til  Jnne  1  that  I  learned  the  full  extent  of  the  deception  that  the 
wily  birds  had  practiced  upon  me. 

While  collecting  at  that  date  in  a  very  similar  locality  half  a  mile  or  more  up  the 
lake,  I  found  myself  possessed  of  their  secret,  and  in  the  midst  of  a  large  colony  of  both 
avocets  and  stilts,  while  numbers  of  the  nests  of  either  bird  rewarded  an  easy  search. 
As  was  niainly  to  be  seen*  it  was  their  foraging  trips  that  carried  them  away  from  home 
to  the  place  where  I  had  at  first  encountered  thc^m.  Even  at  this  remote  point,  their 
anxiety,  real  or  pretended,  had  enabled  them  to  tfifectually  blind  me  as  to  the  actual 
situation  of  their  breeding-ground. 

If  the  outcries  of  the  few  had  been  noticeable  before,  the  confusion  of  sound  result- 
ing from  the  combined  numbers  of  the  whole  colony  was  simply  bewildering.  The 
unfortunate  pair  whose  nest  I  first  stumbled  upon  used  all  the  artifices  common  to  birds 
in  such  a  strait  to  entice  me  away.  They  would  run  furtively  about  a  few  yards  dis- 
tant, and  then  squat  close  down  to  the  ground,  and  grovel  in  the  loose  earth  as  if  set- 
tling over  their  eggs,  while  they  kept  uttering  subdued  coaxing  notes  as  though  call- 
ing to  imaginary  young.  Their  efforts  at  simulating  the  actions  of  wounded  birds, 
which  was  the  evident  significance  of  the  drooping  wing^  and  staggering  gait  adopted, 
were  not  very  successful,  and  the  nature  of  the  deception  was  too  apparent  to  deceive 
even  a  novice.  Aiter  a  while  they  appeared  to  become  convinced  of  the  futility  of 
these  attempts,  and  then  rage  took  the  place  of  sorrow.  Flying  about  me  in  wide  cir- 
cles, the  various  pairs  screamed  and  scolded  till  apparently  exhausted  by  the  excess 
of  their  emotions,  when  thev  betook  themselves  to  a  safe  distance.  I  could  not  help 
fancying  that  the  amount  of  sympathy  extended  the  bereft  birds  by  their  neighbors 
was  m  pretty  exact  ratio  to  the  proximity  of  their  own  nests,  those  pairs  being  the 
most  venturesome  and  vehement  whos6  own  danger  appeare<l  greatest,  while  away  on 
the  verge  of  the  marsh  stood  quietly  or  fed  leisurely  about,  in  fancied  security,  those 
couples  whose  distant  homes  seemed  not  to  be  threatened. 

In  placing  its  nest  the  avocet  shows  a  certain  degree  of  cunning,  and  for  this  pur- 
pose usually  avails  itself  of  some  little  islet  or  isolated  strip  of  marshy  ground  where 
its  eggs  and  young  are  comparatively  removed  from  the  danger  of  intrusive  visits 
from  all  four-footed  prowlers.  One  enemy  they  have  from  which  this  situation  offers 
no  protection.  I  refer  to  the  inland  gull  of  this  region,  the  Larus  califomicus.  Gulls, 
as  is  well  known,  are  very  fond  of  eggs,  and  never  allow  a  chance  of  robbing  other 
birds  to  pass  by  unimproved.  In  the  present  instance  the  outcries  of  the  abuwd  avo- 
oets  had  attracted  the  attention  of  a  flock  of  the  above  birds  that  had  been  hovering 
over  the  lake,  and,  apparently  scenting  their  opportunity,  they  swept  in  on  poised 
wings  or  moved  in  gentle  circles,  awaited  a  favorable  moment  to  descend  to  the  feast. 

That  both  avocets  and  stilts  were  well  aware  of  the  proclivity  of  these  new  foes  was 
soon  apparent.  For  when  one  of  the  gulls,  becoming,  perhaps,  impatient,  flew  in  close 
to  the  nests,  all  the  birds  near,  forgetting  on  the  instant  their  human  enemy,  com- 
bined to  repel  this  fresh  assault.  Gaining  a  vantage  ground  above  the  big  birds,  they 
pounced  down,  striking  their  foes  with  wings  and  bills,  until  the  gulls  were  forced  to 
a  hasty  and  ignominious  retreat.  These  attacks  and  counter-attacks  were  repeated 
several  times,  until  the  gulls,  discomfited  by  their  warm  reception, left  the' vicinity. 

The  eggs  are  laid  in  plain  view,  and  are  quite  unprotected  by  grasses  or  other  screen- 
ing. The  slight  hollow,  scratched  and  patted  down  in  the  damp  soil  to  receive  them, 
is  occasionally  quite  thoroughly  lined,  of tener  very  slightly,  with  bits  of  weeds,  stalks, 
dui.    The  number  of  eggs  varies  from  two  to  four.  ' 

HiMANTOPUS  Brisson. 
M.  nigricollis  (Yieill.).    Black-neck  Stilt. 

The  mode  of  life  of  the  stilt  is,  in  all  important  particulars,  like  that  of  the  aVocet, 
and  so  invariably  have  the  two  birds  been  associated  when  under  my  notice,  especially 
at  the  breeding  period,  that  anything  which  brings  to  mind  the  one  species  is  sure  to 
recall  the  other.  This  companionship  is  a  purely  accidental  one,  arising  from  an  inde- 
pendent choice  of  the  same  localities,  under  the  promptings  of  similar  tastes  as  to  food 
and  other  necessities.  Both  are  waders  par  excellence.  But  if  the  stilt  ever  swims  at 
all,  and  it  doubtless  possesses  this  power  to  a  certain  extent  in  common,  I  believe,  with 
each  and  every  member  of  its  long-legged  fraternity,  it  must  be  only  in  extreme  emer- 
gencies. I  have  myself  never  seen  it  take  to  the  water  under  any  circumstances.  In 
many  other  minor  particulars  of  habits  and  actions  the  two  birds  differ. 

In  the  West  one  may  expect  to  find  the  nests  of  the  stilts  alternating  at  short  dis- 
tances with  those  of  the  avocets,  as  if  the  two  were  unconscious  or  at  least  indifferent 
to  each  other's  presence.  Indeed,  in  many  instances  it  would  be  no  easy  task  to  satis- 
factorily identify  the  eggs  of  the  two  species  in  the  rabble  of  parent  birds  that  hover 
around  the  intruder,  were  it  not  for  the  fact  that  the  very  considerable  difference  of 
size  in  the  birds  is  exemplified  in  the  eggs,  those  of  the  stilc  being  very  perceptibly  the 
amaller,  corresponding  with  its  more  slender  and  everyway  less  bulky  body. 
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When  a  colony  of  the  two  species  is  distarbed,  they  seem  to  vie  with  each  other  in 
the  importunity  of  their  attempts  to  mislead  the  intruder.  Tbns  it  often  happens  that 
the  egg  collector  will  find  himself  at  his  wit's  end  to  determine  the  precise  ownership 
of  a  clatch  of  eggs  before  him  in  the  dozen  or  more  stilts  and  avocets  which  are  flying 
about.  He  has  only  to  exercise  a  little  patience  and  remaiu  quiet  until  the  excitement 
of  the  birds  has  had  time  to  abate  somewhat,  when  pair  by  pair  the  strangers  will  dmp 
away  till  one  or  two  only  are  left*  From  these  he  will  soon  be  able  to  pick  out  tiM 
owners  of  the  particular  nest  by  their  more  perMistent  and  manifestly  greater  solicitnde. 

The  young  of  both  species  leave  the  nest  almost  immediately  upon  being  batched^ 
and  I  have  several  times  found  them  in  a  condition  so  weak  and  helpless  that  tbey 
seemed  scarcely  able  to  stand,  much  less  walk;  suggesting  indeed,  by  their  helpleea- 
ness,  the  possibility  of  their  having  been  removed  from  the  nest  by  the  parent  Dirdt 
upon  the  first  sign  of  danger. 

PHALAROPODID^y  Phalaropee. 

Stsoanopus  Vieillot. 

8.  wU^ani  (Sab.).    Wilson's  Phalarope. 

Of  the  three  8i>ecieB  of  phalaropes  the  present  is  mnch  the  best  known,  probably 
because  of  its  very  general  diffusion  throughout  the  interior,  and  because  it  breeds 
abundantly  with  us. 

In  the  region  in  question  it  has  been  found  to  be  plentiful,  both  as  a  spring  and  fidl 
migrant  and  as  a  summer  resident. 

This  phalarope  was  fii*st  noticed  about  Washoe  Lake,  Nevada,  May  17,  and  the  first 
arrivals  from  the  south  probably  occur  early  in  this  mouth.  By  the  23d  many  bad 
paired,  and  much  anxiety  was  manifested  when  I  approached  certain  localities  in  the 
marsh,  where,  however,  I  could  find  no  nests.  At  this  date  they  were  probably  Just 
about  ready  to  lay,  and  a  female,  when  dissected,  was  found  to  contain. a  well-devel- 
oped egg. 

For  nesting  purposes  this  bird  ai>pears  always  to  prefer  the  borders  of  little  pools, 
and  the  grassy,  boggy  edges  of  prairie  sloughs,  to  the  neighborhood  of  large  bcMliea  of 
water;  and  in  this  reg[ion  one  rarely  approaches  a  locality  of  the  nature  of  thoae  first 
mentioned  without  being  met  by  oue  or  more  pairs  of  phalaropes,  that  come  flying  to 
meet  the  visitor  with  subdued  and  solicitous  notes  that  clearly  betray  their  anxiety 
to  learn  the  character  of  bis  errand. 

As  their  nests  and  eggs  have  often  been  described,  they  need  not  be  touched  upon 
here. 

LoBiPES  Cuvier, 

L,  hyperhoreu$  (L.).    Northern  Phalarope. 

Of  more  common  occurrence  upon  either  coast,  this  phalarope  is  yet  occasionally 
found  in  our  interior  during  both  the  spring  and  fall  migrations.  Thus  the  last  week 
of  May  the  little  ponds  and  inlets  about  Washoe  Lake  were  found  to  contain  numerous 
flocks,  large  and  small,  all  which  seemed  to  be  in  the  greatest  possible  baste  to  reaeh 
points  unknown  farther  to  the  north. 

The  little  phalarope  unites  in  itself  the  characteristics  of  several  families,  and  seems, 
as  it  were,  a  sort  of  connecting  link  between  them.  Thus  in  it  appear  the  general  out- 
lines and  trimness  of  form  that  distinguish  the  sandpipers,  joined  to  a  plumage  much 
like  a  duck's,  while  the  lobing  of  the  feet  appears  to  be  modeled  after  the  plan  of  the 
coot's.  Its  habits  express  these  peculiarities  of  structure  very  nicelv,  for  in  nimbleneas 
it  simulates  the  sandpipers,  if,  indeed,  it  does  not  surpass  them ;  while  very  few  of  the 
latter  can  compare  with  the  lobe-foot  in  grace  and  elegance.  Added  to  these  qoalitteSi 
its  natatorial  powers,  when  are  taken  into  account  its  diminutive  size  and  pigmy 
strength,  are  really  of  first-class  order. 

It  is  difficult  to  imagine  a  more  beautiful  sight  than  that  presented  b^  a  flock  of 
these  phalaropes  as  in  their  brightly- colored  nuptial  dress  they  pass  with  graoefol 
action  along  the  shallows  in  search  of  food.  In  some  respects  their  movements  when 
thus  engaged  are  peculiar  and  quite  unlike  those  of  any  other  bird  with  which  I 
am  acquainted.  The  flocks  I  saw  kept  cloeelv  together,  and  in  a  compact  body  moved 
hastily  alon^,  each  bird  gleaning  the  ground  as  lie  advanced  by  a  continuous  move- 
ment from  side  to  side,  the  body  being  turned  quickly,  as  on  a  pivot,  and  the  bill  low- 
ered into  the  water  with  a  quick  thrust.  This  action  gave  each  bird  the  appearance  of 
describing  at  every  movement  a  full  half  circle,  while  the  motions  of  the  whole  flodc 
were  so  constant,  rapid,  and  uniform  that  they  resembled  more  the  actions  of  a  llTing 
machine  moved  by  one  impulse  than  a  flock  of  individual  birds  actuated  by  separate 
wills.    In  the  manner  described  they  passed  in  a  very  few  moments  over  considerable 

3 ace,  and  I  think  it  likely  that  thoKe  flocks  were  actually  migrating  at  the  time ;  at 
L  events,  the  course  maintained  by  them,  as  long  as  they  were  under  notioe,  was  a  doe 
northerly  one. 
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Like  most  other  species  whose  "make-np"  enables  them  th^m  to  swim  and  wade 
with  equal  facility,  our  phalarope  prefers  the  latter,  and  when  feeding  qnietly  only 
avails  itself  of  swimming  when  it  enoonnters  some  aeep  channel  that  interferes  with 
progress.  Or,  again,  when  disturbed  by  too  close  scrutiny,  they  take  to  the  water  with 
an  assurance  that  indicates  it  is  no  novelty  to  them.  Thus  they  fremiently  became 
alarmed  under  my  espionage  and  swam  to  the  midst  of  the  pond,  and,  naviug  put  be- 
tween us  what  they  consi^red  a  safe  distance,  gathered  qnietly  in  a  compact  circle 
and  awaited  further  developments  with  an  air  of  wonder  and  innocent  expectation 
that  was  very  amusing,  as  well,  too,  as  touching  in  its  utter  unsophistication. 

This  species  attains  a  nearly  full  development  of  the  nuptial  plumage  within  our 
limits,  as  was  evidenced  by  the  birds  referred  to  here. 

The  females,  as  in  case  of  the  other  two  species,  are  much  the  brightest  of  the  sexes, 
and  the  most  highly  colored  male  hardly  equals  the  dullest  female. 

Upon  dissection,  evidence  appeared  of  strong  sexual  excitement  in  both  sexes,  and 
I  am  inclined  to  believe  that  this  phalarope  will  yet  be  found  to  breed  along  our 
northern  frontier,  possibly  even  in  the  mountains  of  Oregon.     In  fact,  Dr.  Cooper 

3 leaks  of  having  seen  a  pair  of  either  this  species  or  the  red  phalarope  in  the  Cascade 
ountains  of  Washington  Territory  in  August,  which  he  thought  were  probably  breed- 
ing. The  latter  species  has  never  fallen  under  my  observation  in  the  West,  and  it  is 
chiefly  maritime. 

8C0L0PACIDJE— Snipe. 
Galunago  Leach. 

O,  toilsoni  (Temm.).    Wilson's  Snipe. 

Although  the  range  of  the  Wilson's  soipe  during  the  migrations  covers  the  United 
States  from  ocean  to  ocean,  its  breeding  limits  are  much  more  circumscribed,  being 
chiefly  along  and  beyond  our  northern  borders.  But  in  many  of  the  mountainous  sec- 
tions of  the  far  West  it  finds  a  climate  and  conditions  well  adapted  to  its  needs,  and 
here  it  passes  the  summer  at  a  somewhat  lower  latitude  than  in  the  East.  In  Oregon, 
as  also  throughout  all  that  portion  of  Eastern  California  and  Western  Nevada  to  the 
north  of  the  line  of  the  railroad,  the  Wilson's  snipe  may  be  confidently  looked  for  in 
summer  in  all  the  little  mountain  meadows  and  along  such  alpine  streams  as  bv  virtue 
of  their  overflow  are  bordered  bv  the  soft,  oozy  spots  which  are  so  indispensable  to  its 
habits.  As  often  as  otherwise  these  tracts  oocur  among  pine  timber  at  quite  elevated 
altitudes. 

I  first  became  aware  of  its  presence  in  Nevada  June  15.  At  this  date,  while  making 
camp  Just  at  dusk  near  a  small  stream  at  the  base  of  the  mountains,  I  heard  for  the 
first  time  the  peculiar  sounds  which  are  made  by  this  snipe  during  the  excitement  of 
the  love  season,  and  I  confess  that  at  first  I  was  not  a  little  puzzled  to  explain  their 
authorship.  Afterwards  I  had  several  opportunities  to  observe  the  birds  in  the  very 
act  of  prodacing  them.  The  first  impression  received,  shared  in,  too,  by  other  members 
of  the  party  as  the  sounds  were  borne  to  the  ear  from  a  distance,  was  that  they  were 
the  notes  of  one  of  the  small  owls,  muffled  and  disguised  by  reason  of  che  remoteness 
of  the  bird.  As  the  snipe  fiew  nearer,  and  particularly  as  it  passed  directly  overhead, 
the  nature  of  the  sound  became  more  apparent^  it  then  being  comparable,  as  closely  as 
anything  I  conld  think  of,  to  the  whistling  noise  which  is  so  marked  a  peculiarity  in 
the  flight  of  the  common  dove  (Zenaiduro).  This  was  the  comparison  that  was  sug- 
gested to  all  the  party  at  the  time,  although  it  fails  to  give  a  very  precise  idea  of  its 
peculiar  character.  Mr.  Ridgway  nearing  the  snipe  from  a  distance  likens  it  to  the 
**  noise  produced  by  water  escaping  from  a  nearly  full  Jog,"  it  having  *'  a  hollow,  gurg- 
ling sound."  However  observers  may  dififer  in  interpreting  its  peculiarities,  no  one, 
I  think,  who  hears  under  favorable  circumstances  the  sound  we  have  attempted  to  de- 
scribe, is  likely  to  agree  with  Nuttall  in  his  supposition  that  the  sound  proceeds  from 
the  bird's  throat.    It  is  unquestionably  due  to  the  wings  alone. 

The  fMdua  operandi  is  somewhat  as  follows:  Moonting  high  in  air  the  bird  flies  rap- 
idly and  excitedly  back  and  forth,  and  at  intervals  of  every  moment  or  two,  and  while 
at  full  speed,  the  head  is  lowered,  the  wings  bent  and  stiffened,  and  a  downwiurd 
plunge  made  at  an  abrupt  angle,  which  terminates  suddenly  with  a  sharp  ascent ;  and  * 
it  is  at  the  moment  that  the  downward  is  changed  to  the  upward  flight  that  the 
sound  is.  produced.  To  make  such  an  extremelv  abrupt  change  in  the  fine  of  flight 
possible,  the  wings  mast  be  bent  into  an  unusual  shape,  and  by  reason  of  their  action 
upon  th^  air  comes  the  whistling  sound. 

Daring  the  mating,  and  in  fact  through  most  of  the  breeding  period,  and  oontina- 
ing  even  after  the  young  are  hatched,  the  birds  begin  these  evolutions  as  soon  as  dusk 
comes  on,  and  continue  them  at  irregular  intervals  until  about  nine  o'clock.  The  notes 
are  not  heard  again  till  about  davbreak,  and  they  cease  before  sun-up.  But  should 
the  day  be  cloudy  the  snipe  may  be  seen  flying  in  the  manner  described  till  late  in 
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tbe  morning,  often  indeed  till  nearly  noon.  I  think  that  the  males  alone  are  oon- 
<^rned  in  the  prodaction  of  these  odd  notes ;  bat  of  this  I  am  not  sare.  The  aexes 
have  a  harsh  call-note  in  common  which  they  utter  as  they  fly  casually  about,  which 
m&j  be  expressed  b^  the  syllables  k4-k&-k4-kA ;  thus  very  diflerent  from  the  '*  musical " 
scaip-scaipf  so  familiar  to  every  sportsman. 

Other  evidence  is  not  wanting  to  show  that  our  long-billed  friend  of  skulking  pro- 
<3livities  allows  the  events  of  the  love  season  to  quite  turn  his  head,  and  various  are 
the  idiosyncrasies  that  take  the  place  of  his  usual  staid  habits.  One  need  not,  then,  be 
surprised  upon  putting  him  up  in  summer  to  find  him  alighting  on  a  tree  or  fence-cail, 
and,  so  perched,  to  stand  for  long  intervals  as  though  rapt  in  deep  meditation. 

In  the  region  in  question  the  snipe  apparently  begins  to  nest  some  time  in  May,  and 
by  the  middle  of  June  I  found  young  not  fully  divested  of  the  down. 

Several  nests  were  found  with  the  cracked  egg-shells  lying  immediately  aboat.  They 
are  usually  built  on  a  tussock  of  grass,  if  indeed  tbe  term  building  is  applicable  to  tbs 
slight  structure  made  by  bending  down  a  few  grass  blades  and  adding  a  few  bits  of 
withered  herbage. 

Trinoa  LinnsBUS. 

T.  minuHlla  Yieill.    Least  Sandpiper. 
Common  during  the  migrations. 

Ereunbtks  Illiger. 

JE.  pusillus  (L.).    Semipalmated  Sandpiper. 
As  preceding. 

ToTANUS  Bechstein. 

r.  Bemipalmatm  (Gmel.).    Willet. 

Present  about  Washoe  Lake  in  May,  where  it  probably  breeds,  as  it  certainly  does  in 
many  similar  localities  to  the  northward. 

T,  meJanoleuous  (Gmel.).    Greater  Yellow  Legs. 

Numerous  as  a  migrant.  Flocks  of  t^is  species  were  seen  on  their  way  south  m 
early  as  July  27. 

Trinooidbs  Bonaparte. 

T.  macularim  (L.).    Spotted  Sandpiper. 
A  summer  visitant  throughout  this  region,  although  not  very  numerous. 

NuMEKius  Linn(Bus. 

JS",  longirostria  (Wils.).    Long- billed  Curlew. 

Numerous  as  a  summer  resident  along  the  marshy  borders  of  the  large  lakes,  but 
most  abundant  during  the  fall  migrations.  In  August  the  stubble-fields  near  doose 
Lake  were  fairly  dotted  with  these  birds,  busily  at  work  hunting  grasshoppers. 

TANTALID^— Ibises. 

Pleqadis  Kaup. 

P.  guaranna  (L.).    Bronzed  Ibis. 

This  ibis  has  an  extensive  range  in  tbe  west,  it  finding  place  as  occurring  at  one 
season  or  another  in  nearly  all  tbe  local  lists  of  the  country  west  of  the  Mississippi 
River.  It  reaches  to  tbe  north  as  far  as  Southern  Oregon,  where  it  breeds.  As  the 
species  was  not  found  by  Bendire  about  Camp  Harney  we  may  perhaps  assume  that  the 
above  is  about  its  northern  limit.  Nowhere  is  it  more  abundant  than  in  the  region 
from  tbe  line  of  the  railroad  to  Northern  California  and  Nevada,  being  there  found 
in  summer  as  an  inhabitant  of  the  tulle  swamps  on  all  the  lakes  large  and  small, 
except  in  the  high  mountains.  « 

Its  general  habits  are  much  like  those  of  the  herons,  and  tbe  marsh  and  slough  are 
not  more  essential  to  the  mode  of  life  of  tbe  latter  birds  than  of  the  glossy  ibis.  Dur- 
ing the  migrations,  it  is  true,  flocks  of  ibises  may  be  seen  feeding  in  plain  view  in  the 
open  shallows  along  shore,  but  it  is  quite  exceptional  to  find  them  in  such  situations 
during  the  breeding  season.  Apart  from  their  habit  of  nesting  among  the  rushes  they 
seem  to  prefer  the  secrecy  and  solitude  conferred  on  them  by  the  sheltering  reeds,  and 
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if  the  marsh  be  treacherons  and  oozy  so  mach  the  better  is  it  likely  to  prove  for  their 
special  purposes  as  ^YoriDg  complete  isolation.  While  duck-shooting  the  report  of 
my  gnn  has  frequently  started  up  a  dozen  or  more  of  these  ibises,  that  sprung  with 
hoarse  croaJcines  from  little  muddy  pools  and  recesses  almost  within  stone's-throw^ 
where,  screened  upon  all  sides,  they  had  been  quietly  feeding  without  oonyeying  a  hint 
of  their  presence. 

Inherent  in  the  nature  of  the  ibis  there  is  a  certain  wanness  which  to  some  extent 
makes  amends  for  its  natural  stupidity.  For,  to  few  birds  does  the  term  stupid  apply 
with  more  force  than  to  the  present  species.  The  very  **  make-up  "  of  the  bird  is  8Ug> 
gestiye  of  a  dagffish  disposition,  there  being  evident  a  certain  nngainliness  of  form 
tnat  it  is  impossible  to  associate  with  keen  intellectual  activity,  and  that  is  the  very 
reverse  of  what  is  implied  by  the  alert  actions  and  elegant  appearance  of  its  allies,  the 
herons.  Doubtless  the  long,  heavy  bill  and  slender  neck  surmounting  its  thickset 
body  contribute  much  to  its  uncouth  appearance,  and  convey  an  impression  which  the 
really  beautiful  i>lumage  serves  only  partially  to  dispel.  However,  the  ibis  may  safely 
claim  that,  even  if  its  appearance  is  not  in  all  respects  pleasing  to  the  eye,  its  ensemble 
has  at  least  the  beauty  of  utility,  and  its  stout  legs  and  long  toes  and  clawSj  its  heavy, 
curved  bill  and  long  neck  all  serve  most  admirably  the  purpose  intended,  which  is,  after 
all,  the  chief  consideration. 

By  the  20th  of  May  the  ibises  all  appeared  to  be  paired  about  Washoe  Lake,  although 
neither  then  nor  a  week  later  was  I  able  to  find  tneir  nests.  Perhaps  this  was  a  little 
early  for  the  deposition  of  the  eggs,  although  the  ovidnct  of  a  female  shot  June  3  con- 
tained a  perfect  egg. 

ARDEIDJE— Herons. 

Ardea  Linnsens. 

A.  herodiaa  L.    Great  Blue  Heron. 

A  common  summer  inhabitant  of  this  whole  region. 

Herodias  Boie. 

ff,  egretta  (Gm.).    Great  White  Egret. 

Colonies  of  this  species  reside  in  summer  on  many  of  the  lakes  which  lie  at  the  foot 
of  the  mountains  in  Eastern  California  and  Western  Nevada,  while  we  learn  ttom 
Captain  Bendire  of  an  extensive  heronry  as  high  to  the  north  as  Lake  Malheur, 
Oregon. 

Warner  Lake,  just  within  the  southern  borders  of  that  Territory,  forms  a  favorite 
resort  for  several  species  of  the  heron  family.  The  white  egret  unites  with  the  others 
to  form  colonies  that  build  their  nests  in  the  larger  growth  of  willows  along  shore. 

Visiting  such  a  heronry  in  September  I  found  a  dozen  or  more  of  the  partifdly  fledged 
young  swinging  by  the  necks  from  the  crooked  branches  where  they  had  evidently 
fallen  as  they  clambered  about  the  nests,  and  perishing  miserably  had  hung  till  con- 
verted into  mummies  by  the  dry  winds. 

Garzetta  Kaup. 

Cr.  candidiB^ima  (Jacquin.).    Little  White  Egret. 

Observed  at  several  localities  in  Nevada  and  Eastern  California  where  it  is  not  so 
common  as  the  preceding. 

Nyctiardka  Swainson. 

N»  grisea  n(evia  (Bodd.).    Night  Heron. 
Perhaps  the  most  abundant  of  the  family,  and  present  in  all  the  marshes. 

BoTArRUS  Stephens. 

B,  minor  (Gm.).    Bittern, 

A  common  summer  visitant  as  far  north  as  Southern  Oregon,  reaching  perhaps  into 
Washington  Territory  as  it  does  to  Paget  Sound  on  the  coast.    (Cooper.) 

GRUID^— Cranes. 

Grus  Linntens. 

G.  canadensis  (L.).    Sandhill  Crane. 

These  large  birds  are  nnmerous  in  so  many  portions  of  Nevada,  California,  and  Ore- 
gon that  it  IS  scarcely  worth  while  to  particularize  localities. 
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They  breed  in  many  of  the  sub-alpioe  valleys,  where  are  found  meadows  of  suffioient 
extent  to  afford  both  food  and  protection,  and  to  these  and  the  tale  swampa  they 
mainly  limit  themselves  and  the  young  till  the  latter  are  able  to  shift  for  themsdves. 
In  some  localities  where  such  resorts  are  not  available^  an  occasional  pair  of  old  birds 
may  be  seen  accompanied  by  a  jonne  one  or  two  feeding  on  the  grassy  plain  or  open 
stretches  of  valley,  where  plenty  of  food  is  found  in  the  shape  ofgrasshoppera.  Let 
once  an  Indian  catch  sight  of  one  of  these  families  and  he  makes  short  work  of  the 
young  birds,  which  are  readily  secured  from  horseback,  or  even  run  down  afoot. 

Towards  fall  the  cranes  become  more  numerous,  or,  at  least,  more  conspicuous,  and  in 
the  region  mentiobed  form  a  part  of  everyday  scene,  as  in  small  companies  they  feed 
about  m  open  view  or  fly  in  long  lines  from  one  valley  to  another,  uttering  their  in- 
describably odd  notes. 

I  know  of  no  other  bird  that  carries  its  instinct  of  caution  to  so  great  an  extent  as 
does  the  crane ;  and  he  must  be  careful  indeed  or  greatly  favored  by  fortune  who  ob- 
tains a  shot  at  one. 

The  crane  is  usually  held  to  be  delectable  fare ;  but  my  own  experiments  upon  them, 
as  served  n^p  in  camp  style,  have  not  been  entirely  satisfactory,  and  I  have  found  theai 
tough  and  somewhat  too  ^mey  to  bear  the  test  of  even  a  mountain  appetite. 

RALLID^— Rails. 

PoRZANA  Vieillot. 
P.  caroUnaf  Cab.    Carolina  Rail. 

Found  throughout  the  summer,  but  apparently  not  so  common  as  the  succeeding 
species. 

Rallus  LinnsBus. 

B.  virginianw  (L.).    Virginia  Rail. 
Numerous  about  all  the  marshy  lakes. 

FuucA  LlnnsBUS. 
F,  americana  (Gm.).    Coot. 

An  extremely  abundant  summer  resident  of  all  the  lakes,  large  and  small,  of  this 
region. 

They  begin  to  build,  about  Washoe  Lake,  Nevada,  the  middle  of  May,  at  which  date 
but  few  eggs  had  been  laid,  the  majority  of  the  pairs  being  still  engaged  upon  their 
nests. 

Their  nests  and  nesting  habits  are  too  well  known  to  need  description  here.  A  elnteh 
consists  of  from  seven  to  twelve  eggs.  The  latter  number,  however,  is  very  exo^ 
tional,  nine  being  perhaps  the  average  nestfull. 

ANATID^—Ducks,  Geese. 

Cygnus  Linnnus. 

C,  afMrioanuSf  Sharpless.    Whistling  Swan. 

The  swans  are  among  the  latest  migrants  from  the  north,  and  hence  come  too  late 
to  fall  under  observation  of  our  field  parties. 

With  the  approach  of  cold  weather  they  occur  in  most  or  all  the  large  lakes  of  this 
region,  as  well  also  upon  many  of  the  large  streams. 

It  is  certain  that  the  above  species  occurs  as  stated,  and,  in  all  likelihood,  the  Chuo- 
dnator  is  also  found  at  the  same  time. 

Anser  LinnsDus. 

A.  gamheli  (HartL).    Speckle-bellied  Gk>ose. 

,  Towards  the  last  of  August  in  Northern  California  this  species  began  to  arrive  from 
the  north  in  considerable  numbers.  It  becomes  very  abundant  at  a  somewhat  l^er 
date. 

A.  hyperhor€U8y  PalL    Snow  GkM)se. 

Arrives  rather  later  than  the  preceding,  and  perhaps  in  rather  fewer  numbers. 

The  Chen  (Chen  Bo$H)  has  been  found  oy  Captain Bendire  at  Malheur  Lake,  OregoOj 
and  in  all  probability  is  of  regular  occurrence  as  a  migrant  on  the  interior  chain  of 
lakes.  The  past  winter  (ISTS-TQ)  it  has  been  exceptionally  numerous  in  the  Sacra- 
mento Valley  and  along  the  coast. 
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Branta  Soopoli. 

B.  canadmsui  (L.)*    Canada  Ooose. 

Theextctosiye  lakes  of  Weetem  Nevada,  Eastern  California,  and  Oregon,  afford  sam- 
mer  hannts  for  many  of  the  Canada  geese,  or  honkers,  as  tney  are  popularly  ciJled, 
in  difttingniah  them  from  the  smaller  Hatchins'  goose  and  the  "  speckle  bellies,^  neither 
of  which  birds  remain  in  summer  within  our  boundaries. 

The  nesting  season  of  the  Canada  goose  is  well  ni^h  over  ere  others  of  the  feathered 
tribe,  save  perhajM  some  of  the  RaptoreSy  are  thinking  of  beginning,  and  the  deposi- 
tion of  the  eggs  takes  place  in  this  region  as  earlv  as  Febmary.  Their  mode  of  nest- 
ing i«  v«riou«.  At.  Pyrnmid  T/«lr«  the  islands  are  extremely  rocky,  and  here  the 
geese  build  either  under  bushes  along  shore  or  resort  to  spaces  underneath  over- 
hanging cliffs,  or  even  to  hollows  in  the  rocks  that  form  slight  caves.  Another  and 
perhaps  the  most  usual  location  for  the  nest  iis  on  the  sandy  spits  of  islands.  The 
wariness  which  characterizes  this  goose,  as  to  a  less  extent  the  other  members 
ot  the  tamily,  undergoes  no  relaxation  at  this  season,  but,  if  anything,  is  increased. 
The  spot  selected  to  receive  the  eggs  must  be  secure  from  all  chance  of  nntrnsion — 
hence  their  partiality  for  islands ;  and  as  soon  as  the  young  are  able  to  take  to  the 
water  they  are  guided  to  some  safe  feeding  ground,  usually  in  the  shallow  water 
along  some  solitary  shore.  This  care  is  rendered  the  more  necessary,  inasmuch  as  a 
long  period  must  elapse  for  the  young  to  receive  their  full  powers,  and  they  obtain 
ueariy  the  size  of  the  old  birds  ere  their  pinions  are  sufficiently  developed  to  raise 
ihtm  from  the  water.  Not  infrequently,  when  riding  along  the  rarely-visited  shores 
at  the  lakes  in  the  remoter  districts,  our  parties  have  come  suddenly  upon  these 
families  of  half-grown  g<tHliujgs,  but  rarely  indeed  ere  the  watchful  parent  had  caught' 
the  alarm  and  had  urg^  her  convoy  to  a  safe  distance  from  the  snore.  Their  food 
is  now  obtained  wholly  from  the  water,  and  not  until  the  voung  have  passed  quite 
ont  of  the  gosling  stage  and  have  become  fully  developed  in  every  respect  do  old 
and  young  asseinble  into  flocks  or  **  gaggles,^  and  their  visits  to  the  stubble  fields 
and  pastures  begin. 

The  birds  that  breed  in  this  region  start  southward  at  a  period  nearly  coincident 
with  or  a  little  before  the  arrival  of  the  full  flocks  from  more  northern  grounds.  Just 
prior  to  setting  out  they  are  in  the  best  condition,  being  fat  and  juicy  from  their  min- 
gled fare  of  grain  and  tender  grass  shoots. 

Anas  Linnaeus. 

A,  hoschas  (L.).    Mallard. 

One  of  the  best  known,  as  also  one  of  the  most  highly  esteemed,  of  all  our  ducks,  its 
extensive  range  and  great  abundance  wherever  found,  entitles  the  mallard  to  a  place 
in  the  front  rank  of  our  valuable  food-birds.  In  the  West,  as  a  table  bird,  it  takes 
precedence,  I  think,  of  all  others,  its  very  general  habit  there  of  feeding  upon  grain 
for  a  part  of  the  year  conducing  to  its  excellence  of  flavor. 

In  the  region  our  report  covers  it  is  very  numerous,  not  only  during  the  migrations, 
but  also  in  summer,  when  large  numbers  remain  to  breed  about  the  various  lakes. 
For  this  purpose  it  resorts  to  precisely  the  same  localities  as  the  red-breasted  teal, 
viz,  the  partially  submerged  marshes;  although^  in  truth,  but  little  change  of  local- 
ity is  in  case  of  either  of  these  birds  necessary,  since  their  tastes  lead  to  the  choice  of 
similar  places  all  the  year  round.  So  much  alike,  in  fact,  are  their  habits  of  nidifioa- 
tion  that  during  a  day's  hunt  I  have  found  many  nests  of  the  mallard  alternating  with 
those  of  the  teal,  and  in  many  instances  the  nests  of  the  two  were  but  a  few  feet 
apart. 

The  mallard  begins  to  lay  during  the  last  days  of  April  and  the  early  part  of  May, 
and  by  the  2:M  of  the  latter  month  I  found  several  nests  in  which  the  eggs  were  A 
advanced,  while  in  one  the  ducklings  had  appeared. 

The  mallards  place  their  nests  much  as  do  the  teals,  but  are,  perhaps,  more  inclined 
to  seek  out  standing  tufts  of  dried  rushes,  doubtless  because  m  them  they  can  more 
readily  conceal  their  bulkier  bodies ;  at  the  base  of  these  they  have  no  difficult  in 
fof  ming  a  safe  and  commodious  retreat.  At  first,  and  in  the  minority  of  cases,  little 
attention  is  pidd  to  the  nest  proper,  and  a  slight  collection  of  dried  rushes  and  f^rass, 
snfficiently  hollowed  to  contain  the  eggs  and  the  body  of  the  bird,  is  all  that  is  re- 

Jjuired.  The  lining  of  soft  down,  plucked  from  the  breast  and  belly  of  the  devoted 
einal**,  is  deferred  till  later,  it  rarely  being  found  till  the  complement  is  nearly  com- 
pleted, and  it  more  frequently  still  being  left  until  the  eggs  have  been  incubated  for 
a  considerable  period. 

I  have  never  found  more  than  ten  eggs  in  a  nest,  though  I  have  seen  broods  of  eleven 
under  convoy  of  the  parents,  and  perhaps  the  full  dozen  are  sometimes  laid. 

When  disturbed  the  mallard  rises  heavily  from  its  nest,  its  friprht  occasionally  com- 
pelling a  volley  of  loud  quacks,  whUe  at  other  times  it  flies  away  m  perfect  silenoe.    In 
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case  of  the  female,  she  mav  then  show  her  ooDoern  by  flying  in  wide  oiiclea  near  tbe 
nest ;  and  this  she  is  especially  likely  to  do  when  the  maternal  instinct  has  become 
strong  by  long  brooding.  But  should  the  nest  contain  only  a  few  newly-laid  eff|^ 
mnch  less  apprehension  is  displayed,  and  then  she  flies  straight  away  to  remain  in  hid- 
ing for  some  hours,  or  until  completely  reassured.  Often,  under  the  latter  circiim- 
•tanoes,  the  nest  is  never  reoccupied,  but  a  second  begun  after  a  delay  of  twenty-four 
hours  or  so. 

Soon  after  being  hatched,  the  downy  youns  are  led  by  their  parents,  not  into  <^en 
water,  where  would  follow  a  well-understood  danger  from  hawks  and  other  enemies^ 
but  into  the  shallow  inlets,  where  they  can  be  screened  by  the  heavy ^)o vert  of  reeds; 
and  they  are  not  allowed  to  venture  out  of  these  until  able  to  shift  for  themaelvea.  I 
think  that  for  the  first  few  nights  after  being  hatched  the  tender  young  are  led  back 
and  brooded  in  the  nest.  But  the  interval  during  which  the  young  are  most  exposed 
to  danger  is  in  the  **  flapper ''  state,  or  when  they  have  attained  considerable  size,  but 
have  not  yet  received  thepower  of  flight,  for  the  rectrices,  as  is  well  known,  are  the 
last  feathers  to  be  developed.  They  now  flap  along  the  surface  of  the  water  in  a  cari- 
ous sort  of  way,  half  flying,  half  swimming,  and  when  cornered  in  shallow  water,  as 
may  often  *be  done,  they  fall  easy  prey.  This  is  the  accepted  time  of  feastiDg  for 
numerous  species  of  hawks,  not  to  mention  such  formidable  four-footed  enemies  as 
coyotes,  foxes,  etc.,  while  most  to  be  feared  of  all  is  its  human  foe  in  the  shape  of  the 
Indian.  Armed  with  clubs,  the  boys  and  squaws  enter  the  shallows,  and  by  beating 
the  reeds  drive  the  young  before  them  till  they  are  congre«ited  in  some  favorable 
spot,  when  they  are  slaughtered  by  the  scores.  I  have  seen  Indians  returning  from 
one  of  these  ducking  expeditions  fairly  loaded  down  with  spoil,  the  young  dncks 
hanging  by  the  necks  in  festoons,  and  almost  biding  by  their  numbers  the  dusky  bodies 
of  their  slaughterers.  Ducks'  eggs  and  ducklings  form  in  fact  during  summer  no  small 
part  of  the  Vidians'  fare. 

Probably  none  of  the  mallards  raised  in  this  region  pass  the  winter  here,  but  migrate 
south,  and  are  replaced  by  more  northern-born  biras,  so  that  about  the  numerous 
warm  springs  and  ponds  of  open  water  the  mallards  are  to  be  found  throughout  oold 
weather,  until  spring  once  more  impels  them  northward. 

Dafila  Leach. 
D.  acuta  (L.).    Pin  Tail. 
Abundant  during  the  migrations ;  one  breed. 

Chaulelasmus  Gray. 

C.  Btreperm  (L.).    Gadwall. 
This  fine  duck  breeds  abundantly  throughout  this  region. 

Mareca  Stephens. 

M,  americana  (Gm.).    American  Widgeon. 
Breeds  more  or  less  commonly  in  this  region ;  most  abundant  as  a  migrant. 

QuERQUEDULA  Stephens. 

Q,  carolinemis  (Gm.).    Green-wing  Teal. 

Scattered  pairs  of  this  teal  breed  over  all  this  region,  and  in  some  localities  it  is 
doubtless  numerous. 

While  crossing  the  desert  north  of  Reno,  early  in  July,  we  found  in  the  solitary  pool 
^f  water,  which  with  its  scanty  growth  of  green  rushes  forms  the  only  oasis  for  miles 
around,  a  family  of  this  teal  consisting  of  a  female  and  ten  young.  The  pool  being  of 
too  small  extent  to  furnish  shelter  iu  such  danger,  the  mother  bird  led  the  band  to  the 
shore  and  directly  into  the  sage-brush,  into  which  they  dived  and  hid  as  though  f  uUy 
alive  to  the  emergency  of  the  case. 

This  teal  is  most  abundant  as  a  spring  and  fall  migrant,  its  proclivities  hence  being 
for  more  northern  summer  grounds. 

Q,  discors  (L.).    Blue- winged  Teal. 

This  species  was  not  seen  at  all  during  the  summer;  nor,  as  a  migrant,  does  it  appear 
to  be  as  numerous  in  this  region  as  either  of  its  congeners. 

Q,  cyanoptera  (V.).    Cinnamon  Teal. 

This  teal  is  one  of  the  few  ducks  whose  range  is  so  far  circumscribed  that  it  may  be 
spoken  of  in  general  tenns  as  a  western  species,  the  area  occupied  by  it,  even  during 
the  migratory  seasons,  not  extending  to  the  east  of  the  Rocky  Mountains,  except  in 


Digitized  by 


Google 


APPENDIX   0  0.  2305 

Texft8«  Althoagh  noted  from  Loalsiana,  its  ooourrence  there  is  presumed  to  be  quite 
aocidental.  It  furthermore  appears  as  a  summer  resident  in  almost  every  section  where 
it  is  known  at  all.  It  breeds  about  the  Cohimbla  River,  at  present  its  northernmost 
recorded  limit.  Southern  Colorado,  on  the  other  hand,  as  determined  by  our  parties, 
is  included  in  its  summer  range,  as  possibly  also  Arizona  and  Xew  Mexico,  although  of 
the  latter  fact  no  absolute  proof  was  obtained.  In  many  localities  in  the  intermediate 
regions  it  is  one  of  the  most  abundant  of  summer  visitants,  and  in  no  place  more  so, 
according  to  my  knowledge,  than  in  Western  Nevada  and  the  contiguous  regions. 

It  makes  its  appearance  on  the  lakes  of  Nevada  early  in  the  spring,  at  a  date  nearly 
coinciding  with  the  general  impetus  northward  to  be  observed  in  the  ducks  and  wa- 
ter birds  generally.  At  the  time  of  my  first  visit  to  Washoe  Lake,  May  12,  all  of  the 
teal  appeared  to  be  paired,  while  not  a  few  had  so  far  progressed  in  their  housekeep- 
ing matters  as  to  already  have  e^gs. 

With  all  the  ducks  there  is  noticeable  a  great  variation  in  the  time  of  nesting,  even  at 
the  very  same  locality.  The  cinnamon  teal  forms  no  exception  to  this  rule,  and  from 
the  above  date  onwaras  I  found  nests  in  all  the  various  stages  of  advancement.  Fresh 
eggs  were  found  as  late  as  the  Ist  of  June,  although  most  of  the  nests  at  this  date 
contained  either  young  or  eggs  very  far  advanced.  Perhaps  a  certain  proportion  of 
the  late  breeders  are  to  be  accounted  for  on  the  supposition  of  the  destruction  of  the 
^rst  nests,  for  ducks  have  many  enemies  at  this  season ;  and  fresh  duck-eggs  as  well 
as  young  birds  have  an  especial  attraction  for  all  the  smaller  carnivores. 
*«  The  teals^  nests  will  be  found  scattered  over  a  marsh  at  large,  their  chief  care  being 
to  secure  a  dry  spot  out  of  reach  of  the  danger  of  inundation,  which  is  their  prmcipea 
risk,  and  the  cause  at  times  of  the  destruction  of  great  numbers  of  the  eggs.  Some 
seasons  of  high  water  about  Washoe  Lake,  as  I  was  told  by  the  ranchmen,  prove  most 
ruinous  to  the  first  clutches,  and  the  swollen  inlets  of.  the  marsh  have  been  observed 
at  such  times  to  be  fairly  dotted  with  eggs  of  the  various  kinds  of  ducks,  which  had 
been  floated  off  by  the  rising  waters. 

An  apparently  secure  locality  found,  a  pair  soon  satisfy  themselves  with  some  special 
little  nook.  They  never,  I  think,  build  in  the  heavy  beds  of  tuie,  but  either  select  an 
isolated  buoch  of  rushes,  or  else  place  the  nest  in  the  midst  of  the  short  waving  marsh- 
g[rass,  where  it  is  sufficiently  thick  to  protect  the  setting  bird  from  ordinary  observa- 
tion. Occasionally,  too,  they  nest  upon  the  dry  land  under  a  bash,  and  more  or  less 
distant  from  water.  But  in  any  event  the  nest  must  be  within  easy  reach  of  a  good 
feeding  ffround,  and  is  usually  not  many  Vards,  perhaps  but  few  feet,  distant  ztom 
some  pool  or  stream.  Ducks  have  plenty  of  opportunty  for  the  exercise  of  cunning  in 
their  domestic  arrangements,  and  some  of  the  pairs  display  infinite  address  in  hiding 
their  nests,  and  the  eyes  of  the  most  observant  collector,  be  he  two  or  four  footed,  will 
often  in  vain  scrutinize  the  very  clump  of  grass  wherein  is  hid  the  mother  bird  nest- 
ling close  down  to  her  treasures,  secure,  till  a  blundering  step  starts  her  from  her 
charge.  If  a  clump  of  nishes  be  selected  as  a  nesting  site,  the  bird  enters  from  the  side 
through  a  space  so  small  that,  once  inside,  it  needs  but  a  few  slight  touches  of  the  bill 
to  replace  the  stalks  disturbed  by  her  entrance,  and  restore  everything  to  its  natural 
appearance.  And  this  the  female  is  knowing  enough  to  do,  as  she  is  also  to  care- 
fully cover  the  eggs  during  her  temporary  absences.  Like  the  mallard,  and  probably 
most  if  not  all  other  ducks,  the  cinnamon  teal  Is  very  indifferent  as  to  the  state  of  the 
nest  at  the  time  the  first  eggs  are  laid,  and  leaves  the  final  touches  till  towards  the 
period  when  the  young  are  about  to  appear.  Then,  to  ^^vide  a  soft  bed  for  her  off- 
spring, the  female  quite  denudes  the  under  portions  of  her  body  of  its  downy  feather- 
ing, and  with  the  material  obtained  in  this  way  warmly  felts  the  nest. 

The  teal  is  a  close  setter,  and  the  female  will  occasionally  prove  so  devoted  to  her 
charge  as  to  permit  herself  to  be  caught  by  hand.  If  the  young  be  out,  there  is 
scarcely  any  limit  to  the  hardihood  she  will  show  in  her  attempts  to  distract  attention 
from  them.  She  flutters  along  the  ground  just  beyond  reach  of  the  outstretched  hand, 
and  resorts  to  every  effort  of  dissimulation  likely  to  induce  pursuit.  I  have  seen  the 
woilnded,  broken-winged  bird,  in  particular,  imitated  so  cleverly  by  this  teal,  that  it 
was  difficult  indeed  to  persuade  myself  that  it  wss  a  cheat. 

The  extreme  number  of  eggs  at  a  hatching  is,  I  believe,  twelve ;  and  in  some  thirty 
nests  examined  at  Washoe  Lake  this  number  was  found  only  twice;  nine,  ten,  and 
eleven  being  the  more  common  complements. 

In  fair  seasons  the  neater  number  appear  to  be  hatched  out,  as  I  never  saw  a  small 
brood ;  and  occasionally  every  e^  proves  fertile.  That  this  should  be  the  case  seems 
a  little  remarkable,  when  is  considered  the  irregularity  which  marks  the  intervals  of 
•deposition. 

tVhen  newly  laid  the  eggs  are  of  a  beautiful,  soft,  creamy  white,  and  the  texture  of 
the  shell  is  delicate  and  a  trifle  rough  under  touch.  Very  soon  after  the  full  comple- 
ment appears  the  shell  becomes  smooth  and  shining;  from  the  constant  contact  and 
rubbing  of  the  bird's  body,  and  the  delicate  texture  is  lost  entirely.  The  color  is  also 
correspondingly  changed,  and  now  appears  as  a  light  buff,  which  darkens  and  stains 
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as  time  goes  od.  Snch  are  the  nsnal  masenm  specimens.  Their  exact  shape  is  some- 
what indeterminate,  since,  in  the  sets  before  me,  many  approach  the  tree  ellipsoidal, 
while  others  are  simply  oval  in  varying  decree ;  some  are  elongated  and  quite  i^inted 
at  the  smaller  ends ;  others  are  blnnt.  It  is  to  be  remarked  that  the  peculiarities  of 
size  and  shape  are  apt  to  obtain  with  but  slight  variations  throughout  the  whole  of  a 
set.  The  two  smallest  eggs  before  me  measure  1.88  X  1.27,  and  1.82  x  1.32;  and  from 
this  extreme  they  run  up  to  2.10  x  1.37. 

The  cinnamon  teal  is,  in  the  interior,  one  of  the  very  first  of  the  ducks  to  start  in  fall 
on  the  southward  migration,  and,  in  the  neighborhood  of  Washoe  Lake,  nearly  all 
have  left  by  the  first  of  September ;  while  those  that  breed  farther  north  are  not  long 
in  following.  In  California  it  remains  later,  and  I  understand  from  my  friend,  Mr.  H. 
0.  Parker,  that  more  or  less  winter  in  the  Sacramento  Valley. 

Spatula  Boie. 
S.  clypeata  (L.).    Shoveller. 

This  duck  is  abundant  in  fall  and  spring  in  nearly  all  portions  of  the  West.  Never- 
theless if  it  remains  to  breed,  it  does  so  apparently  only  in  rare  instances,  except  along 
our  northern  border,  as  in  Dakota,  where  the  young  were  found  by  Dr.  Cones  in  Aogost. 

It  is  true  that  I  detected  the  species  at  Washoe  Lake  in  June.  But  upon  killing  a 
male  the  cause  of  its  stay  so  far  south  was  revealed  in  the  shape  of  an  old  wound ; 
probably,  too,  a  greater  or  less  number  of  barren  birds  are  scattered  over  the  lakes  of 
ttis  region. 

FuuGULA  Stephens. 

F,  marila  (L.).    Greater  Blackhead. 
Numerous  only  as  a  migrant  and  winter  visitant. 

F,  affinis  Eyton.    Lesser  Blackhead. 
Occurs  as  the  preceding. 

F,  ooUarU  (Donov.).    Ring-neck  Duck. 

In  noticing  this  species  on  previous  occasions,  especially  in  the  report  for  1876^ 
I  have  given  it  as  breeding  m  Utah,  Nevada,  &c.  I  was  led  into  what  I  now  am 
oonvinc^  was  a  mistake  by  the  incorrect  identification  of  several  young  birds.  These 
I  now  ascertain  to  have  been  the  young  of  the  redhead  (F,  ammcaiia),  as  similar  spec- 
imens taken  the  past  season  of  unquestionable  identity  show.  I  take  this  occasion 
therefore  to  make  the  correction,  and  all  such  references  are  to  be  understood  as  ap- 
plying to  the  redhead,  and  to  it  alone.  We  have  no  proof  at  the  present,  so  far  as  I 
am  aware,  that  the  ring-neck  breeds  within  our  limits,  and  it  doubtless  retiies  in 
summer  to  points  far  beyond  our  boundaries.  During  both  spring  and  fall  it  occurs 
in  greater  or  less  numbers  according  to  locality. 

F.  ferina  americana  (Eyton).    Redhead. 

Better  known,  perhaps,  as  a  bird  of  the  east  coast,  the  redhead  Is  yet  a  well-rep- 
resented species  on  the  west  coast,  and  also  to  a  somewhat  less  extent  of  the  western 
interior.  It  was  found  breeding,  though  not  in  great  numbers,  about  Washoe  and 
other  lakes  in  Western  Nevada  and  the  contiguous  portions  of  California.  This  is,  I 
believe,  a  summer  range  much  farther  south  than  is  usually  understood  to  apply  to 
this  species ;  although  young  birds  taken  at  Rush  Lake,  Southern  Utah,  by  myself, 
afibrds  good  evidence  of  its  summer  residence  at  that  point. 

Its  method  of  nidification  is  in  general  much  like  the  other  species.  One  nest  found 
by  Mr.  H.  G.  Parker  was  somewhat  singularly  placed,  in  that  it  was  built  in  perfectly 
bare,  open  ground.  A  hoof-track  in  the  mud,  which  nad  subsequently  been  left  high 
and  dry  by  the  receding  waters,  received  the  nest,  composed  in  this  instance  entirely 
of  feathers  and  down,  there  being,  in  fact,  no  room  in  the  narrow  quarters  for  other 
accumulations.  A  second  was  built  close  to  the  water's  edge  under  protection  of  a 
little  clump  of  grease- wood  bushes.  The  eggs  numbered  in  these  instances  respectively 
five  and  seven,  incubation  in  neither  having  begun. 

I  append  the  measurements  of  three  of  the  first  set,  merelv  remarking  that^  except 
for  their  more  spherical  form  and  perhaps  rather  larger  size,  they  would  be  indis- 
tinguishable from  the  mallard's:  2.23  X  1.73,  2.21  x  1.73,  2.17  x  1.70. 

BucEPHALA  Baird. 
B.  clnngula  (L.).    Common  Golden  Eye. 
An  abundant  migrant. 

B.  alheola  (L.).    Buffle-head  Duck. 
As  preceding  species. 
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PELECANID2E— Pelicans. 
Pelecanus  Linnfens. 

P.  eryihorynchu9  Lath.    White  Pelican. 

The  white  pelican  is  less  known  from,  its  occnrrence  on  either  coast  than  from  the 
abundant  numbers  that  inhabit  the  great  interior  lakes.  From  their  great  extent,and  in 
many  instances  complete  isolation,  as  well  as  their  containing  an  abundance  of  fish,  the 
lakes  of  Nevada,  California,  and  Oregon  are  especially  favored  by  this  bird,  and  on  cer- 
tain of  them,  as  Pyramid,  Eagle,  and  Goose  Lakes,  the  pelicans  are  fonnd  in  snmmer  in 
immense  nnmbers. 

80  much  has  been  written  from  time  to  time  upon  the  breeding  habits  of  this  species, 
that  most  persons  interested  in  the  subject  maybe  presumed  to  be  pretty  familiar  with 
them,  and  this  part  of  the  bird's  biography  need  not  be  enlarged  upon  here  to  any 
extent. 

.  Naturally  the  white  pelican  seems  to  be  rather  stupid,  and,  when  the  privacy  of  a 
breeding  colony  is  encroached  upon  for  the  first  time  by  a  human  being,  the  liveliest 
feeling  his  presence  is  apt  to  excite  is  intense  curiosity,  which  is  occasionally  carried  to 
such  an  extent  that  the  birds  appear  as  though  too  completely  overwhelmed  with  as- 
tonishment to  take  any  special  precaution  for  their  own  safety.  Under  such  circum- 
stances they  may  occasionally  hMD  so  closely  approached  as  to  be  killed  with  clubs.  No 
creature  however  so  dull  as  not  to  profit  by  the  lessons  that  experience  teaches,  and 
the  treatment  the  pelican  usually  receives  at  the  hands  of  m«n  is  of  such  kind  that  in 
him  they  soon  learn  to  recognize  an  enemy  to  be  feared  and  shunned  on  all  occasions. 
Such  is  the  case  at  Great  Salt  Lake  where  the  former  great  abundance  of  the  pelican 
is  attested  by  all  the  early  explorers,  but  where  now  the  bird  is  known  only  as  a  cas- 
ual visitant.  Persecution  is  having  a  similar  result  at  Pyramid  Lake,  Nevada,  where 
a  few  years  ago  the  birds  were  so  tame  as  to  permit  themselves  to  be  almost  caught 
by  band.  At  present,  though  still  abundant,  they  are  excessively  shy  having  been 
driven  entirely  away  from  certain  of  the  islands  by  treatment  which  must  eventually 
cause  their  complete  disappearance. 

From  its  lar^e  size  and  conspicuous  plumage,  and  the  habit  of  colonization  at 
the  nesting  period,  added  to  the  complete  exposure  of  the  eggs  upon  the  sands,  and 
finally  from  the  fact  that  the  young  when  hatched  are  perfectly  helpless  for  a  period 
of  over  a  month,  the  pelican  is  peculiarly  exposed  to  the  assault  of  its  enemies.  From 
four-footed  foes  it  secures  immunity  by  nesting  upon  islands,  a  precaution  which,  of 
course,  proves  of  no  avail  from  its  human  persecutors. 

At  Pyramid  Lake  a  crusade  has  been  inaugurated  against  the  pelicans  by  the  fish- 
erman, whose  cause  is  justified  in  their  own  eyes  by  the  voracity  of  the  big  birds,  and 
the  number  of  fish  consumed  by  them.  In  a  single  day,  as  I  was  informed,  over  70O 
oggs  belonging  to  one  colony  were  destroyed.  This  complaint  of  injury  done  the  fish- 
.  ing  interests  is  not,  it  must  be  said,  without  some  foundation.  The  number  of  pounda 
of  fish  consumed  in  a  day  by  the  combined  numbers  of  a  large  colony  of  pelicans, 
especially  when  feeding  youug,  mnst  amount  to  something  fabulous.  As  a  rule,  how- 
ever, and  from  the  nature  of  the  mode  of  fishing  practiced  by  the  white  pelican,  fish 
of  value,  as  the  trout,  are  but  little  exposed  to  their  attacks;  the  species  they  are 
able  to  obtain  consists  chiefly  of  the  smaller  fry  found  in  shallow  water,  and  of  little 
or  no  table- value  whatever,  their  principal,  if  not  their  only,  importance  being  as  food 
for  better  kinds.  As  this  small  fry  fairly  swarms  in  all  the  western  lakes,  there  is  no 
danger  at  present,  at  least,  that  the  fishing  interests  will  be  injure<l  in  this  indirect 
manner,  as  indeed  Is  plainly  evidenced  at  Pyramid  Lake,  where,  despite  the  number  of 
the  pelicans,  trout  exist  in  enormous  numbers. 

The  method  of  obtaining  their  prey  by  banding  together,  driving  the  fish  before 
them  into  shallow  water  and  then  scooping  them  up  with  open  bill  by  means  of  quick 
rushes,  I  have  often  witnessed  and  is  well  known.  The  large  size  of  the  fish  a  pelican, 
under  emergency,  is  able  to  dispose  of,  is  somewhat  surprising.  I  once  saw  a  bird 
which  had  betn  wounded,  and  which  was  apparently  unable  to  clear  the  surface  of 
the  wat^r,  throw  up  a  sucker  which  I  estimated  to  weigh  not  less  than  three  pounds. 
Having  rid  itself  of  extra  ballast  to  this  extent,  it  flew  away  with  ease. 

!f  he  deposition  of  the  pelicans'  eggs  takes  place  at  a  very  early  date ;  the  colony  at 
Pyramid  Lake,  as  I  learned,  having  laid  many  eggs  by  April  10,  and  this  is  1  think  about 
the  usual  date.  As  might  be  presumed,  all  the  pairs  of  a  colony  do  not  begin  laying 
at  the  same  time  ;  in  fact  there  is  much  irregularity  in  this  respect,  and  as  a  conse- 
quence there  results  a  corresponding  difference  in  the  time  of  appearance  of  the  young. 
This  was  clearly  shown  in  the  case  of  a  community  of  from  fiOO  to  1,000  pairs  that 
bad  established  themselves  on  a  sandy  island  in  Eagle  Lake  (Cal.),  and  which  I 
visited  July  4.  At  this  date  the  young  were  present  in  all  stages  of  growth,  from  the 
chick  just  breaking  the  shell  to  the  youngster  fully  grown,  but  still  unable  to  fly.    A 
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rongh  estiioate  placed  this  nnmber  at  considerably  over  1.000,  and  a  more  inooa- 
f^ous  assemblage  was  never  witnessed.  As  our  boat  approacned  tbe  island  the  parent 
birds  began  to  manifest  some  uneasiness,  and  when  we  were  about  two  gnushota  away 
they  rose  en  masse  and  settled  in  the  water  at  convenient  distance  for  watching  onr 
proceedings.  Tbe  younglings  were  considerably  flustered  when  they  found  such  strange 
creatures  among  them,  and  treated  all  our  advances  with  marked  disapprovaL  Fotm* 
ing  into  solid  phalanxes  of  all  sizes,  they  shuffled  over  the  sands,  the  ranks  opening  to 
right  and  left  with  all  alacrity  according  as  we  directed  our  steps.  The  appearance 
they  cut  as  they  waddled  about  on  their  unsteady  legs,  some  of  them  almost  naked 
and  all  ugly  and  uncouth,  was  ludicrous  in  the  extreme.  Even  the  older  ones  made  no 
attempt  at  aggressive  resistance  when  captured,  but  were  content  to  show  their  re- 
pugnance at  being  handled  by  violent  efforts  to  escape  from  onr  hands.  Finally,  in 
response  to  the  coaxing  of  a  few  old  birds  that  ventured  in,  many  took  to  the  water, 
ana,  having  swam  out  three  or  four  hundred  yards,  remained  quietly  eyeing  onr  move- 
ments with  all  unconcern.  Many  gulls  and  several  pairs  of  cormorants  ana  great  bine 
herons  shared  the  island  with  the  pelicans,  and  their  young  afforded  living  proofs  of 
the  unruffled  tempers  and  good  dispositions  of  the  big  birdis. 

At  this  lake  the  pelicans  presented  a  peculiarly  noteworthy  sight  as  at  intervals  dur- 
ing the  day  thev  spread  their  broad  wings  and  flew  in  bands  of  from  five  to  fifty  to  the 
neighborhood  of  some  one  of  the  lofty  peaks  within  a  mile  or  two,  where  they  amused 
themselves  by  sailing  about  for  an  hour  at  a  time  in  the  invigorating  air  and  in  encom- 
passing the  summits  in  wide  circles.  Their  snowy-white  plumage  reflected  the  bright 
sunlight,  and  the  huge  birds  appeared  at  their  best  as  they  soared  above  calion  and  forest 
at  such  height  that  all  ppgainlioess  of  form  was  lost  and  we  were  left  to  admire  the 
snowy  purity  of  their  colors  and  their  fine  powers  of  flight. 

The  ^*  centre-board/'  so  called,  a  horny  excrescence  appearing  on  the  bills  of  the 
adults  about  the  mating  period  is,  as  has  been  shown  by  Captain  Bendire,  common  to 
both  sexes.  This  is  shed  as  the  season  progresses,  till,  in  early  July,  when  the  young  are 
usually  well  advanced,  it  is  rarely  seen,  although  a  few  still  persist  at  this  time.  Of 
its  use  nothing  appears  to  be  known. 

GRACULIDiE— Cormorants. 

Graculus  Linnseus. 

O.  dilophtts  (Sw.).    Double-crested  Cormorant. 

The  cormorants  from  this  region  have  usually  been  referred  to  the  variety  floridantu, 
a  name  bestowed  upon  what  was  supposed  to  be  a  small  southern  race  of  dilopkus.  Bat 
my  pair  of  specimens  taken  at  Pyramid  Lake,  Nevada,  in  summer,  are  fully  up  to  the 
requirements  of  size  of  dilophus^  and  I  therefore  so  consider  them.  It  is  to  be  remarked, 
however,  as  has  been  indicated  by  Mr.  Ridgway,  that  specimens  occur  in  the  region 
under  notice,  and  in  California,  that  are  no  larger  than  man^  Florida  bom  birds.  After 
examination  of  the  Smithsonian  material  I  am  of  the  opinion  that  the  alle^^  differ- 
ence of  size  is  of  too  doubtful  applicability  to  warrant  the  recognition  of  this  variety. 

The  double-crested  cormorant  is  more  or  less  numerous  on  many  of  the  lakes  of  thu 
region,  its  abundance  at  any  given  locality  being  chiefly  regulated  by  the  presence 
and  character  of  nesting  facilities. 

All  the  nests  examined  by  me  were  built  in  depressions  and  cavities  on  rooky  islands, 
although  in  this  same  region  they  build  upon  trees,  as  fully  attested  by  Mr.  Ridgway. 
The  nests  were  composed  chiefly  of  sticks  with  a  substantial  lining  of  weeds.  One 
was  noticed  that  had  an  additional  slight  felting  of  feathers.  No  birds  could  well  be 
less  fastidious  in  regard  to  their  nesting  arrangements  th4n  they,  and  the  fool  odor 
aboqt  a  cormorant  rookery  is  almost  unendurable.  Entangled  in  one  nest  that  I  ex- 
amined was  the  mummied  head  and  neck  of  a  brother  cormorant  that  i^pareatly  had 
been  gathered  as  available  nest  material. 

Although  the  flight  of  the  cormorant  appears  heavy  and  somewhat  laborious,  it  yet 
progresses  from  feeding  ground  to  feeding  ground  with  tolerable  ease  and  much  swift- 
ness. But  the  bird  appears  at  its  beet  in  the  water,  where  it  is  scarcely  leas  at  home 
than  the  typical  divers,  and  where  no  litt}e  of  its  existence  is  passed  beneath  the  sur- 
face in  pursuit  of  its  finny  prey.  This  the  cormorant  never  plunges  for,  but,  like  tbe 
grebes,  divers,  and  other  birds  of  that  class,  the  best  swimmers  of  all,  captures  it  in  fail 
chase.  The  bird's  forays  are  usually  made  into  large  schools,  and  apparently  it  has 
very  little  trouble  in  procuring  all  it  requires.  The  cormorant  is  not  always  snccessfDl 
in  holding  a  fish  after  it  has  fairly  seized  it.  and  at  Eagle  Lake  there  were  to  be  seen 
in  every  school  of  white-fish  {Coregonus  mlliamsoni)  a  considerable  number  that  bore 
across  their  bodies  the  marks  of  the  powerful  mandibles.  I  found  quite  a  number  of 
sizable  fish  that  had  escaped  from  the  birds'  bills,  only  to  die  a  lingering  death  from 
the  effects  of  compression. 
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LABIDiE— Gallg,  Terns. 
Larus  Llnnffiiis. 

L,  cali/ortitoiM  havor*    California  Gall. 

The  present  species  is  to  be  distingnished  from  the  L,  delawarensis,  which  it  some* 
what  closely  resembles,  by  the  following  characters : 

X.  ooZi/omtciM,  adalt— size  larger;  blQ  stonter;  (wing,  15.43;  tail,  6.34 ;  bill,  1.82; 
depth  above  notch,  .60 ;  tarsus,  2.23).* 

Mantle  dark  pearl  blae,  mnch  darker  than  in  the  succeeding.  Color  of  bill  (in  fresh 
specimens,  sometimes  retained  in  skins)  bright  yellow,  with  an  irreguXarhj  shaped  spot  of 
intense  carmine  near  tip  of  lower  mandible  ;  a  spot  or  bar  of  black  anterior  to  this  on 
both  mandibles.    Iris  hazel  or  brown ;  tarsi  and  feet  pale  green. 

X.  delawarensis,  adult— size  smaller;  bill  less  robust;  (wing,  14.49;  tail,  6.06;  bill, 
1.45;  depth  above  nostril,  .51 ;  tarsus,  2.07  ).t 

Mantle  pearl  blue,  always  lighter  than  in  preceding.  Bill  greenish  yellow,  encircled 
near  tip  by  a  broad  black  band.    Iris  light  yellow ;  tarsi  and  feet  naples  yellow. 

The  amonnt  of  black  on  the  bill  of  calif ornicus  is  variable.  Usually  it  takes  the  form 
of  spots  or  bars,  as  given  above,  but  such  is  by  no  means  always  the  case.  Not  rarely, 
as  in  several  adult  specimens  before  me,  it  appears  in  the  form  of  a  complete  circle  as 
in  delawarensis.  In  such  cases,  however,  the  ring  is  much  narrower  than  in  that  bird. 
More  rarely  the  black  is  almost  or  quite  obsolete.  Similarly,  or  even  more  variable,  is 
the  amount  of  white  at  tip  of  first  primary.  In  a  majority,  perhaps,  of  specimens  tnis 
is  found  as  a  terminal  patch  of  about  two  inches  in  extent.  Some  individuals,  how- 
ever, apparently  perfectly  adnlt,  have  the  tip  and  shaft  black  for  three-fourths  of  an 
inch,  the  white  being  restricted  to  a  spot  on  either  web  above  the  black  area,  almost 
precisely  as  in  delawarensis.  Others,  again,  may  have  the  extreme  tip  white,  above 
which  is  a  band  of  black  including  both  webs  and  the  shaft,  and  giving  way,  higher 
up,  to  a  second  white  area  which  may  or  may  not  include  the  shaft ;  sometimes,  in- 
deed, the  shaft  is  black  above  and  white  below.  Hence  the  spotting  of  the  primaries 
and  the  black  markings  of  the  bill,  points  upon  which  considerabfe  stress  nas  been 
laid  by  some  authors,  are  too  inconstant  to  prove  reliable  guides  in  diagnosis,  although 
not  entirely  without  value. 

In  fall  the  adults  of  either  species  have  the  white  of  head  more  or  less  spotted  or 
streaked  with  dusky.  The  carmine  spot  on  the  bill  of  califomious  fades  away,  as  also 
the  crimson  of  eyelids  and  at  angle  of  mouth,  which  is  common  to  both  species.  The 
di£ferences  in  size,  especially  of  bills,  and  the  color  of  the  mantles  may  now  be  relied 
upon  to  separate  them.  To  distinguish  young  birds,  which  always  exhibit  so  much 
individual  variation,  becomes  much  more  difficult,  and  I  have  found  the  size  of  bill  to 
be  the  beet  and  most  constant  feature. 

The  Oalifornian  gull  is  found  as  a  very  abundant  summer  resident  throughout  the 
entire  chain  of  lakes,  and  is,  so  far  as  I  can  learn,  the  only  representative  of  the  family 
present  here  at  this  season.  Upon  stretches  of  sand,  Jutting  out  from  the  little  islands 
m  mid-lake,  or  occasionally  among  the  rooks  alone  shore,  thiB  gull  constructs  its  nest, 
and  deposits  from  two  to  four  eggs  about  the  middle  of  May.  The  nest  is  a  somewhat 
rode  and  bulky  structure,  particularly  if  it  chances  to  be  placed  in  rocky  interstices, 
and  is  composed  of  weeds,  sticks,  and  similar  coarse  material  gathered  from  the  shores, 
and  lined  more  or  less  substantially  with  finer  gleaning. 

The  colonies  are,  as  a  rule,  very  large,  one  that  I  visited  on  Pyramid  Lake  contain- 
ing several  hundred  pairs,  uid  the  nests  occupy  every  available  spot  on  the  sands. 
Unfortunately  for  the  gulls,  the  eggs  are  rich  and  sufficiently  well  flavored  to  be  a 
welcome  addition  to  the  meager  fare  of  the  settler,  and  hence,  when  accessible,  are 
eagerly  sought  for.  The  colony  alluded  to  above  hod  been  visited  every  few  days  for 
a  period  of  more  than  three  weeks,  and  every  nest  rifled.  But  so  tenaciously  do  the 
birds  cling  to  a  spot  that  has  once  been  chosen  as  a  nesting  ground  that  many  still 
continued  to  deposit  eggs,  sometimes  in  newly-constructed  nests,  but  often  in  the 

Cndered  ones.  Many  of  the  females  had  laid  so  often  that  the  coloring  pigment  had 
n  exhausted,  and.  as  a  consequence,  a  considerable  portion  of  the  later  eggs  were 
almost  nnspotted.  The  efm  of  this  gull  are  so  nearly  like  those  of  the  ring-bul  as  to 
be  practically  indistingmshable,  although  they  average  a  trifle  larger.  In  the  exact 
style  and  amount  of  markings  they  vary  interminably. 

X.  delawarensis  (Ord.).    Ring- bill  Oull. 

Given  by  Captain  Bendire  as  a  '^  common  summer  resident '^  of  Malheur  Lake,  Oreg. 
It  is  possible  that  a  mistake  has  been  made  here,  and  that  the  statement  really  applies 
only  to  the  X.  oalifomicus^  If  correct  it  furnishes  us  with  the  only  instance  of  the  bird 
breeding  within  the  United  States.    Upon  all  the  other  lakes  in  California  and  Nevada 

*  Average  of  four  speclmeDs.  t  Average  of  eight  specimens. 
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that  I  have  visited  the  ring-hill  appears  to  he  only  a  fall  and  winter  resident,  and  as 
such  is  nnoieroas. 

Sterna  Linnaeas. 

S,  foTBteri  (Nutt. ).    Forster's  Tern. 

Dr.  Cones  appears  to  have  received  an  entirely  erroneous  impression  in  regard  to  the 
hreeding  range  of  this  species,  and  assigns  the  interior  of  British  America  as  its  sum- 
mer home,  implying  in  his  article  in  Birds  of  the  Northwest  its  entire  absence  from 
the  United  States  at  this  season,  althouj^h  he  intimates  a  possibility  of  ita  being  yet 
found  to  nest  on  or  along  the  northern  tier  of  States.  The  truth  is  this  tern  is  an  ex- 
tremely abundant  summer  resident  of  Washoe  and  other  similar  lakes  of  Nevada  and 
California  east  of  the  mountains  upon  which  are  found  any  considerable  extent  of  tule 
or  other  marsh.  It  also  occurs  abundantly  in  summer  in  the  great  fresh- water  marsbeB 
in  the  vicinity  of  Chicago,  and  also  in  Wisconsin.  Upon  the  eastern  coast  its  summer 
ran^e  is  somewhat  erratic,  as  it  appears  to  be  wanting  along  the  New  England  coast, 
but  is  found  at  this  season,  in  great  numbers,  on  certain  of  the  islands  off  the  shore  fA 
Virginia  and  to  the  southward.  Its  absence  farther  north  is,  perhaps,  to  be  accounted 
for  from  the  lack  of  suitable  localities,  since  the  Forster's  is  as  much  of  a  marsh-lovinc 
species  as  the  black  tern,  in  contradistinction  to  the  Wilson's,  arctic,  and  others,  which 
habituallv  frequent  the  open  water,  or,  at  least,  avoid  more  the  sedgy  marshes. 

Upon  the  western  lakes  the  Forster's  and  black  terns  mingle  fraternally  togetbtf 
as  they  conduct  their  search  for  food  over  the  broad  expanse  of  oozy  marsh  or  along 
the  shallow,  reedy  shores.  Moreover,  the  Forster's  tern,  instead  of  building  on  tiie 
open  sands,  has  recourse  to  the  marshes,  thua  still  further  following  the  habit  of  the 
black  tern. 

The  single  nest  found  by  me  consisted  of  a  few  bits  of  debris ,  and  was  placed  on  a 
muddy  hank  by  the  side  of  a  ditch  of  running  water.' 

Hydrocheudon  Bole. 
H,  fiasipes  ( L. ).    Bl ack  Tern . 

This  species,  which  is  a  well-known  inhabitant  of  our  lakes  both  east  and  west  of  the 
Mississippi,  .makes  its  appearance  in  Nevada  early  in  May,  and  by  the  10th  of  tbs 
month  is  very  generally  dispersed. 

A  bird  of  the  sloughs  and  reedy  marshes,  wherever  found,  its  habits  differ  in  bot 
few  and  unimportant  particulars.    The  character  and  extent  of  its  nest  vary  some- 
what with  the  locality  it  inhabits.    Thus  Dr.  Cones  tells  us  th&t  it  builds  no  nest  of 
its  own,  but  finds  the  matted  debris  of  weeds  a  sufficient  protection  for  its  eges,  while 
Mr.  Nelson's  experience  near  Chicago  was  in  effect  that  it  invariably  bulLos  a  sub- 
stantial nest  of  its  own,  whatever  the  foundation  may  be.    In  one  particular  the  cus- 
tom of  the  species,  wherever  found,  seems  to  be  very  uniform,  namely,  for  aU  the 
pairs  in  a  ^ven  locality  to  adopt  the  same  plan,  which  is  naturally  determined  by  sur- 
rounding circumstances.    In  Nevada  the  method  of  nidification  appears  to  be  various, 
the  nests  in  some  neighborhoods  being  placed  among  the  waving  grass  in  a  toler&blj 
dry  situation ;  in  others,  on  firm  tussocks ;  in  others  still,  on  beds  of  matted  tales.    la 
any  event  the  formation  of  a  certain  amount  of  material  of  the  bird's  own  gatheiinjc 
into  some  sort  of  a  nest  seems  in  this  region  to  be  the  rule.    I  may  note  here  some 
curious  nesting  sites  selected  by  a  large  colony  of  these  terns,  which  had  established 
themselves  in  a  slough  that  contained  enough  open  water  to  form  the  home  af 
numerous  grebes  (P.  auritM  calif omicus).    The  nests  of  the  grebes,  from  which  the 
young  had  departed  not  long  before,  had  been  utilized  by  the  terns,  and  hasty  gather- 
ings of  bits  of  dried  rushes  and  the  like  had  been  placed  upon  the  hslf-deoayed 
and  wholly  filthy  masses  to  receive  their  eggs.    The  utter  lack  of  fastidiousnees  of 
the  terns  was  further  exemplified  in  the  fact  that  in  nearly  every  case  their  own 
eggs  lay  in  close  proximity  to  the  rotten  and  abandoned  eggs  of  the  first  occupants. 
In  fact,  in  one  or  two  instances  the  terns  must  have  found  it  difficult  to  inoabate 
their  own  eggs  without  partially  covering  one  or  more  of  these.    At  this  date  (July 
24)  some  of  the  eggs  were  in  the  advanced  stages  of  incnbation^  while  others  had 
been  hatched.    The  most  vociferous  of  the  family  under  every-day  circumstances,  snob 
an  occasion  as  the  present  is  sure  to  call  out  all  the  bird's  powers  of  noisy  vitapera- 
tion.    The  cries  of  the  parents  as  they  flew  close  down  to  the  nests  had  the  desired 
effect  of  causing  the  young  to  hastily  abandon  the  nests  and  seek  shelter  in   the 
grass.    One  old  liird  that  was  sitting  on  an  egg  from  which  the  bill  of  the  imprisoned 
chick  was  just  escaping  refusc^d  to  leave  her  charge  at  this  critical  juncture,  and 
actually  permitted  me  to  approach  in  plain  sight  and  take  her  in  my  hand. 

Fish  forms  an  unimportant  item  in  the  bill  of  fare  of  this  species,  as,  unlike  otheit 
of  the  family,  it  feeds  in  great  part  upon  insects,  which^  it  takes  in  various  xvay^ 
mostly  as  they  fly  from  the  grasses. 

The  species  is  present  in  Nevada  during  the  latter  part  of  August  In  somewhat 
diminished  numbers,  but  in  September  all  leave  for  the  south. 
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Description  of  nestling. — Head  above  smoky  browD,  the  same  color  prevailing 
below,  but  becoming  darker  across  the  jugnlam  and  lighter  on  abdomen;  sides  of  head 
and  loral  region  white;  back  and  sides  of  body  pale  cinnamon  brown,  interspersed 
with  irregular  patches  of  black ;  bill  black ;  feet  brownish. 

COLYMBID^— Divers. 

CoLYMBUB  Linnsens. 

C.  torquatua  (Brnnn.).    Great  Northern  Diver. 

From  information  received  from  varions  sources  I  had  been  led  to  consider  this  diver 
as  of  rather  uncommon  occurrence  in  the  waters  of  this  region.  During  the  past  season, 
however,  it  was  met  with  several  tin.es  on  Eagle  Lake,  Cal.,  where  a  number  ox 
pairs  breed  regularly,  and  the  same  is  true,  I  think,  of  Goose  Lake,  where,  at  any  rate, 
the  species  was  observed  by  our  party  during  the  late  summer. 

PODICIPID^— Grebes. 
PoDicEPS  Latham. 

P.' ocoidentalia  (liSk^T.),    Western  Grebe. 

None  the  less  striking  because  familiar  is  the  appearance  of  this  large  grebe  as  seen 
upon  the  extensive  lakes  of  Nevada,  and  the  country  generally  west  of  the  Rocky 
Mountains.  At  what  time  in  the  spring  it  makes  its  appearance  In  these  latitudes  I  do 
not  know.  On  the  occasion  of  my  first  visit  to  Washoe  Lake  about  the  middle  of  May 
the  water  was  dotted  with  water  birds,  and  conspicuous  among  them,  as  well  by  its 
elegance  of  form  as  by  its  graceful  motions,  was  this  grebe.  Subsequently,  when  in 
turn  I  visited  the  several  ItHces  lying  to  the  northward,  I  found  it  an  abundant  inhab- 
itant of  them  all.  Indeed,  with  the  exception  of  Lake  Tahoe,  I  know  of  no  large  body 
of  water  in  the  far  West  that  is  exempt  from  its  presence.  The  high  elevation  oiTahoe, 
over  6,000  feet,  probably  accounts  for  the  absence  of  the  bird,  as  in  all  the  other  mount- 
ain lakes  of  less  elevation  I  have  always  found  it  present  in  abundance. 

There  is  a  pretty  close  correspondence  in  the  character  of  the  food,  the  manner  of 
obtaining  it,  and  in  the  habits  of  nidiiication  of  the  various  species  of  this  family,  and 
my  observations  have  not  shown  that  the  western  grebe  possesses  any  very  marked 
individuality  in  these  respects,  unless  such  as  arises  from  its  great  size  and  superior 
prowess  in  manner  of  obtaining  food.  The  largest  of  our  species,  the  present  bird  ex- 
cels all  the  others  in  natatorial  powers,  and  in  its  ability  to  remain  a  long  time  sub- 
merged, in  which  particular  it  almost  rivals  the  loon.  It  is  probable,  therefore,  that 
this  grebe  is  able  to  avail  itself  of  its  remarkable  powers  in  the  capture  of  fish,  and 
it  hence  lives  more  upon  them  than  do  the  other  smaller  and  less  powerful  species. 
But  fish  do  not,  I  think,  form  by  any  means  its  principal  diet.  The  larvas  of  all  aquatic 
insects,  various  worms  and  leeches,  as  also  some  kinds  of  aquatic  plants,  make  up  its 
chief  dependence. 

The  western  grebe  is  a  wonderfully  quick  diver,  as  I  have  had  occasion  to  learn  when 
after  specimens,  and  I  have  found  it  almost  impossible  to  kill  the  old  and  wary  birds 
even  at  very  short  range,  provided  the  bird  was  not  taken  unawares  and  could  see  the 
flash  of  the  gan.  However  true  the  aim,  and  whatever  the  precaution  as  to  the  plaee 
aimed  at,  the  leaden  pellets  when  they  reached  the  spot  found  only  empty  space,  where 
a  moment  before  was  to  be  seen  the  long,  snaky  neck  of  the  cunning  diver. 

It  is  about  the  1st  of  June  when  the  various  species  of  irrebes  begin  to  think  of 
their  domestic  duties,  and  if  they  be  watched  now  they  will  be  found  to  have  gath- 
ered together  into  loose  companies,  which  are  to  colonize  together  later  on,  and  to 
spend  much  of  their  time  in  swimming  back  and  forth  in  a  rather  excited  manner 
just  off  one  of  the  many  clumps  of  tules  that  grow  around  the  margins  of  most 
of  the  western  lakes.  The  shallow  depths  about  such  form,  it  is  true,  favorite  hunt- 
ing grounds  at  all  seasons,  but  around  the  comparatively  few  spots  that  possess  the 
necessary  qualifications  for  nesting  purposes  the  concentration  of  the  birds  will  be 
more  marked  as  well  as  more  persistent.  The  thicker  tangled  rocesses  among  the  tules 
are  shunned,  and  only  those  spots  among  the  season's  fresh  growth  selected,  where  the 


independent  colony,  and  the  preparations  for  the  nest  are  leisurely  gone  on  with.  A 
few  of  the  surrounding  tule-stems  aro  perhaps  broken  off  or  bent  down,  and  other 
reedy  material  gathered  and  laid  in  a  pile,  the  structure  being  ready  for  occupation 
when  a  slightly  hollowed  and  homogeneous  mass  of  this  is  raised  so  as  to  fully  clear 
the  surface  of  the  water. 
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None  of  the  many  nesU  I  have  examined,  either  of  this  or  the  other  speciee,  haTe 
been  moored  as  described  by  some  aathors.  They  have  usually  been  perfectly  free, 
except  in  so  far  as  the  reeds  oonstitnting  a  hedge  aboot  them  offer  a  complete  check 
to  the  chance  of  their  floating  off.  Occasionally,  it  is  tme,  a  few  of  the  sorroonding 
stems  have  been  bent  down  and  made  to  enter  into  the  composition  of  the  nest.  Bat 
this  is  rather  rare,  and  is  apparently  to  be  looked  upon  as  an  entirely  accidental  dr- 
cnmstance,  so  far  as  any  intention  of  anchoring  the  stmctnre  is  concerned. 

A  less  promising  place  to  deposit  eggs  than  the  stmctare  described  can  scarcely  be 
imagined.  The  materia),  which  is  mostly  gathered  from  the  water,  is  maddy  and 
soggy,  and  how  it  is  possible  to  hatch  eggs  on  snch  sarronndings  is  a  mysteiy  to  all 
bat  the  grebes.  The  problem  appears  to  be  easy  enough  of  solution  to  them,  and  solre 
it  they  do  in  a  most  satisfactory  manner.  I  have  neyer  been  successful  in  my  efforts 
to  catch  sight  of  a  grebe  on  its  nest,  and  partly  on  this  account,  partly  from  the  pecu- 
liar character  of  the  nest  itself,  have  been  led  to  surmise  that  much  of  the  labor  of 
incubation  is  shirked  by  the  birds  of  this  family  and  is  delegated  to  the  warmth  of 
the  sun's  rays,  aided,  perhaps,  by  the  heat  which  arises  from  the  decomposing  nest 
material.  Like  other  species,  as  the  eared  grebe,  the  present  bird  covers  up  the  eggs 
in  its  absence,  althougn  occasionally  I  have  found  them  exposed  to  view.  I  have 
never  found  more  than  four  eggs  to  a  nest  of  this  species,  but  presume  that  this  num- 
ber does  not  represent  the  full  complement. 

The  young  begin  to  appear  about  the  first  of  July,  but  many  pairs  at  this  date  will 
be  found  to  still  be  incubating.  The  chicks  appear  to  leave  the  nest  almost  as  soon  as 
hatched,  and  their  history  at  this  early  stage  is  full  of  interest.  One  need  only  posh 
his  boat  through  the  tules  at  this  season  to  find  himself  rewarded  by  the  aij^ht  of  smne 
dmuestic  scenes  that  will  well  repay  his  trouble,  and  will  perhaps  give  him  a  higher 
idea  of  these  birds  of  ''low  instinct''  than  is  usually  accorded  tiiem.  The  reedy  re- 
cesses are  full  now  of  quaint  noises,  not  heard  at  other  seasons.  The  faint  qoaokings 
of  the  young  ducklings  convoyed  by  their  watchful  parents,  the  harsh  notes  of  the 
coots  calling  to  their  numerous  progeny,  the  piping  of  rails,  and  the  querulous  spatter- 
ing notes  of  the  ever  busy  marsh  wrens,  are  blended  into  a  common  melodv,  that  now 
swells  into  full  chorus,  now  dies  away  into  confused  murmurs  under  the  fitful  midsum- 
mer's breezes.  But  notes,  too,  other  than  the  above  are  to  be  made  out  in  the  confused 
gabble,  viz :  the  high  piping  call  of  the  grebes,  and,  if  he  manages  adroitly,  the  obser- 
ver will  find  himself  airect^  in  the  midst  of  a  family  ^poun  or  groups  containing  all 
the  birds  Just  mentioned.  His  appearance  will  be  the  signal  for  a  hasty  scattering  of 
the  startled  community,  but,  whatever  of  the  scene  he  may  fail  to  take  in.  let  him  not 
overlook  our  grebe  Just  now.  At  the  first  sign  of  danger  the  pair  of  old  birds  have 
warned  the  voung,  that  respond  with  feeble  pipings,  and  at  the  call  placing  themselves 
on  the  broaa  fiat  backs  of  their  parents,  who  have  ranged  up  alongside  for  the  purpose 
they  are  transported  to  a  place  of  safety.  No  more  beautiful  and  touching  sight  can  be 
imagined  than  that  presented  by  the  downy  little  creatures  as  they  huddle  close  up  to 
the  old  one's  neck,  and  give  themselves  trustfully  up  to  its  protection.  Both  parents 
share  equally  in  the  care  of  the  young,  part  of  the  brood  accompanying  one,  part  the 
other.  In  this  manner,  they  are  carried  about  from  feeding  ground  to  feeding  ground, 
or  removed  when  danger  threatens.  Even  at  this  very  early  age  the  chicks,  under 
emergency,  are  wondenolly  adept  at  diving  and  swimming,  and  to  catch  one  uninjured 
is  a  matter  of  no  little  difficulty. 

A  brief  description  of  the  young  in  the  downy  stage,  hitherto  undescribed,  is  sub- 
ioined.  First  stage :  Body  above,  dark  sooty  brown.  Tightest  along  sides.  Head  and 
hind  neck  light  tShj  plambeous,  in  contrast  to  the  under  parts,  which  are  pure  white. 
Bill  black,  extreme  tip  light  yellow. 

When  about  half-grown,  and  while  still  in  the  down,  the  young  differ  considerably 
from  the  above  in  color.  The  head  above  is  then  of  a  blackish  brown,  and  the  down 
on  hind  neck  shows  the  same  color  at  base.  It  would  appear  that  the  growth  of  down 
is  continuous  for  a  considerable  period,  the  ends  being  constantly  worn  away  by  attri- 
tion, and  that  its  color  just  prior  to  the  replacement  by  the  true  feathering  corresponds 
with  that  of  the  latter. 

P.  auritvs  calif omicue  (Heerm.).    Eared  Grebe. 

This  diminutive  species  appears  to  reach  its  maximum  of  abundance  only  as  we  i^' 
proach  the  west  coast.  In  Nevada,  Oregon,  and  California,  it  is  by  far  the  most  naraer* 
onsly  represented  of  the  family,  and  may  be  found  at  the  right  season  on  any  and  all 
the  lakes  afid  ponds  of  this  region,  where  exist  the  proper  nesting  facilities.  Thou^ 
apparently  absent  in  summer  over  much  of  the  intenor  region  proper,  through  all 
which,  however,  it  migrates,  it  has  been  ascertained  by  Dr.  Cones  to  breed  abundantly 
along  our  northern  frontier,  as  in  Dakota,  while  on  the  other  hand  a  sizable  colony 
was  found  breeding  in  Southern  Colorado,  by  myself.  This  may  prove  to  be  an  extreme 
point  in  its  summer  range,  but  I  think  not,  and  that  there  is  at  least  a  probability  of 
its  occarrence  still  farther  south,  in  Arizona. 

Much  of  the  account  of  the  breeding  habits  of  the  previous  species  will  apply  equally 
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well  to  the  present  bird.  The  nests  are  the  same  characteristic  stmctnres,  the  only 
difference  being  one  of  size,  and  the  eggs  are  deposited  about  the  same  time.  The 
habit,  mentioned  elsewhere,  of  covering  the  eggs  with  a  perfect  screen  of  weeds  seems 
to  be  every  where  a  constant  one  with  the  eared  grebe,  and  I  have  never  foand  a  nest 
in  which  the  eggs  conld  be  seen  without  first  ancovering  them. 

Both  parents  share  in  the  care  of  the  young  after  birth,  and,  as  in  the  case  of  the 
larger  species,  the  young  are  carried  about  on  their  backs.  The  families  are  difficult 
to  find  at  this  season,  as  they  rarely  visit  the  open  water,  but  keep  sedulously  within 
shelter  of  the  tules,  whence  their  shrill  calls  may  be  heard  coming  from  all  directions, 
and  yet  not  a  bird,  young  or  old,  be  seen,  unless  ^extreme  care  be  taken  in  approach- 
ing^ them. 

The  following  is  a  description  of  the  young : 

First  stage, — Head  above  black ;  a  faint  yellowish  white  line  begins  at  base  of  bilh 
divides  on  forehead,  and  passes  over  either  eye  to  hind  neck ;  the  latter  is  also  streakea 
with  white.  Body  above  blackish  brown;  each  down  shaft  tipped  with  ash;  sides 
washed  with  plumbeous.    Under  parts  rosy  white. 

As  will  be  noticed,  the  young  of  this  species  differs  sufficiently  from  the  similar  stage 
in  any  of  the  others  as  to  be  readily  identifiable. 

PODILYMBUS  Less. 

T.podiceps  (L.).    Pied-bill  Grebe. 

Although  not  nearly  so  abundant  as  the  eared  grebe,  the  "dabchick"  is  yet  abund- 
antly represented  on  the  waters  of  this  region  in  summer,  and  doubtless  also  to  a  greater 
or  less  extent  as  a  resident  species.  The  Pied-bill  nests  in  the  same  localities  as  the 
eared  grebe,  and  in  the  general  particulars  of  habits  the  two  agree  clo&ely. 

The  young  of  the  present  bird  have  very  decided  markings  about  the  head,  broad 
white  and  dark  lines  oeing  contrasted  alternately.  On  the  back  of  the  head  are  sev- 
eral irregular  patches  of  bright  rufous. 
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ANNUAL  REPORT  OF  CAPTAIN  JAMES  F.  GREGORY,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1879. 

expioeatlons  and  surveys  military  division  of  the  missouri. 

Headquarters  Military  Division  of  the  Missouri, 

Office  Chief  Engineer, 
Chicagoy  III.,  July  10,  1879. 

General:  I  have  the  honor  to  submit  the  following  report  upon 
the  operations  conducted  under  my  charge  for  the  portion  of  the  last 
fiscal  year  beginning  December  28,  1878,  and  ending  June  30, 1879. 
Upon  the  former  date  I  reported  to  the  Lieutenant-General  commanding 
this  division,  in  compliance  with  paragraph  7,  Si>ecial  Orders  No.  256, 
dated  Headquarters  of  the  Army,  Adjutant-General's  Office,  Washing- 
ton, November  26,  1878,  and  was  on  same  date  by  him  assigned  to 
duty  as  chief  engineer  of  the  division.  I  found  upon  arrival  here  that 
Lieut.  Col.  George  A.  Forsyth,  aid-de-carap,  had  charge  of  the  records 
and  was  responsible  for  the  property  pertaining  to  the  chief  engineer's 
office,  and  duly  relieved  him  of  them.  He  had,  however,  no  public 
funds  for  disbursement  and  I  have  had  none  since  my  assignment  here. 
The  sum  of  $50  was,  by  dir^tion  of  the  Chief  of  Engineers,  allotted  from 
appropriation  for  surveys  for  military  defenses,  for  the  purchase  of  a 
small  amount  of  materials  for  office  use,  and  this  is  all  that  has  b^u 
expended. 

On  January  4,  last,  occurred  the  fire  which  partly  destroyed  the  Honors 
Building,  in  which  these  headquarters  are  located.  Although  my  office 
rooms  were  not  burned  out,  they  were  deluged  with  water — ^the  floors  of 
the  story  above  being  burned  out,  and  the  ceilings  and  windows  of  my 
rooms  broken  through.  The  contents  of  the  building  which  were  saved 
from  the  fire  were  removed  next  day,  and  in  the  confusion  incident  to 
such  a  hurried  removal  a  considerable  amount  of  property  was  lost  and 
more  damage  done  to  papers  and  maps  than  was  caused  by  the  water. 
The  fortnight  succeeding  the  fire  was  spent  in  rearranging  the  records 
saved,  and  restoring  them,  as  far  as  possible,  to  order  and  good  condi- 
tion. On  March  27,  the  building  having  been  restored  to  a  state  suita- 
ble for  occupation,  our  offices  were  returned  to  it. 

On  January  8, 1  enlisted  Frederick  A.  Petersen  in  the  general  service, 
as  topographical  assistant,  under  the  provisions  of  paragraph  1,  Gen- 
eral Orders  No.  62,  Headquarters  of  the  Army,  Adjutant-General's  Office, 
Washington,  July  3, 1877.  Under  same  order.  Private  George  Henckel, 
Kinth  Infantry,  was  transferred  to  the  general  service  by  paragraph  1, 
Special  Orders  No.  21,  dated  Headquarters  Military  Division  ot  the  Mis- 
souri, Chicago,  March  5, 1879,  and  ordered  to  report  to  me  for  duty, 
which  he  did  March  11,  last.  These  assistants  have  been  constantly  at 
work  in  the  office  since  the  dates  mentioned,  and  have  rendered  excellent 
service. 

The  current  work  of  the  office  has  been  in  furnishing  information  from 
records ;   making  tracings  of  and  reducing  maps  for  use  at  division 
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headquarters,  and  for  file  and  forwarding:  correcting,  mounting  and 
issuing  maps  for  use  of  officers  on  duty  at  tnese  headquarters  and  else- 
where in  the  division. 

During  three  months  past  Topographical  Assistant  Henckel  has  been 
engaged,  in  the  time  allowed  from  current  office  duties,  in  compiling  in- 
formation for  and  platting  it  upon  "Sheet  Ko.  4,  Western  Territories." 
This  sheet  is  upon  the  same  scale  as  the  other  sheets  of  the  series, 
26oio(rg>  ^^^  embraces  the  territory  included  by  the  28^  3(F  and  39^  30' 
parallels  and  the  103^  and  113^  meridians.  This  sheet  has  progressed 
but  slowly,  because  of  the  constant  demands  upon  the  draughtsman  s 
time  by  current  work.  It  will  be  continued,  but  it  is  impossible  to  say, 
under  the  circumstances,  when  it  will  be  completed.  The  amount  of 
labor  and  time  required  for  making  tracings  and  copies  of  maps^  &c., 
which  pass  through  this  office,  is  very  great. 

Since  I  have  been  on  duty  here  I  have,  by  Lieutenant-General  Sheri- 
dan's orders,  accompanied  him  on  several  tours  of  inspection ;  the  posts 
so  visited  including  Fort  Eobinson  and  Camp  Sheridan,  Xebr. ;  the  posts 
on  the  Missouri  River,  between  Bismarck  and  Yankton,  Dak.;  and 
Forts  Lewis  and  Marcy,  Colorado  and  Xew  Mexico. 

I  append  a  tabular  statement  showing  the  number  of  maps  received, 
completed  by  hand  and  issued  during  the  past  six  months;  also,  a  hst 
showing  the  number  and  giving  description  of  tracings  and  maps  made 
in  same  time;  also,  a  list  showing  maps  and  tracings  received  &om 
chief  engineers  of  departments. 

The  need  of  my  office  is  a  moderate  amount  of  money  wherewith  to 
employ  a  draughtsman  and  to  purchase  the  ordinary  materials  required. 
It  has  been  through  considerable  embarrassment,  that  I  have  been  able 
to  do  even  so  much  as  has  been  done,  and  it  has  been  accomplished. by 
^SS^^  fr^ni  other  departments,  and  by  purchase  of  materials  firom  my 
own  private  means. 

Five  thousand  dollars  could  be  profitably  expended  during  the  next 
fiscal  year. 

Very  respectfully,  your  obedient  servant, 

James  F.  Gregory, 
Captain  of  Engineers. 

Brig.  Gen.  H.  G^  Wright, 

Chief  of  EngineerSj  United  States  Army. 


TABULAR   STATEMENT  OF  MAPS   RECEIVED,  CORRECTED,   COMPLETED,  MOUKIVD,  AKD 

ISSUED. 


Title  of  maps. 


Dispofiition. 
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LIST  OF  TRACINGS  AND  MAPS  MADE. 

2  tracings  of  Fort  Robinson,  Nebr.,  with  line  of  retreat  of  Chejennes 
after  their  outbreak  January  9,  1879. 

2  tracings  of  sketch  of  route  from  Wichita,  Kans.,  to  Barrel  Springs, 
Ind.  T.,  with  itinerary. 

1  tracing  of  country  between  Missouri  River  and  50^  north  latitude, 
and  104^  and  lliP  west,  locating  thereon  the  whereabouts  of  hostile 
Indians. 

Reduced  plan  of  Fort  Custer,  Mont. 

Reduced  topographical  sketch  of  Fort  Custer  and  vicinity. 

1  tracing  of  United  States  military  reservation  of  Fort  Afissoula,  Mont. 

1  tracing  of  Fort  McKinney  Reservation. 

1  tracing  of  vicinity  of  Ysleta,  Tex. 

1  tracing  of  reconnaissance  by  General  Brooke  between  Forts  Benton 
and  Assinaiboine. 

4  tracings  of  Indian  Territory,  from  General  Land  Office  map. 

1  tracing  of  Southern  Colorado,  from  Professor  Hayden's  drainage  map. 

1  tracing  of  proposed  extension  of  military  reservation  of  Fort  Robin- 
son, Nebr. 

1  tracing  of  proposed  reservation  at  El  Pa«o,  Tex. 

2  tracings  of  map  of  mihtary  reservation  of  Fort  Ringgold,  Tex. 
1  tracing  of  reservation  of  Depot  McKinney,  Wyo. 

1  tracing  showing  i)roposed  telegraph  lines  in  Indian  Territory. 

X  tracing  showing  site  for  post  at  Henry's  Lake,  Ind.  T. 

1  tracing  of  plan  of  fourth  story  of  United  States  post-office  and  custom 

house,  Chicago. 
Corrected  2  maps  of  the  United  States.    (Rand,  McNally  &  Co.'s  edition.) 
■   Mounted  for  office  use,  map  of  Dakota. 

WORK  DONE  FOB  THE  QUABTEEMASTEE  DEPABT3fENT. 

Corrected  map  of  the  United  States.    (R.,  McN.  &  Co.'s  ed.) 

Made  5  tracings  and  mounted  transportation  map  of  Department  of 
Dakota. 

Made  3  tracings  and  mounted  transportation  map  of  Department  of 
the  Platte. 

Made  3  tracings  and  mounted  transportation  map  of  Department  of 
Texas. 

1  tracing  of  plan  of  fourth  story  of  United  States  post-office  and  cus- 
tom-house, Chicago. 
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WORK  IN  PROGRESS. 

Sheet  4,  Western  Territories. 

U8T  OF  MAPS  AND    TRACINGS    RECEIVED    FROM    CHIEF    ENGINEER   OFFICERS  OF   DE- 
PARTMENTS. 

Depart meftt  of  Missouri. 


Date. 


Nature. 


Description. 


By  whom  mmde. 


1879. 

FeVy  18     1  tracing Battle-gronnd,  September  27. 1878 

FeVy  18  i....  do Toll  ri^d  cafion,  Animaa  River 

Feb'y  27   do United  States  military  reserration  of  Fort  Lewis, 

Colo.,  and  townsite  at  Pagusa  Sprinji^s. 

March  5   ....  do Konte  of  battalion  Ninth  Cavalry.  Companiea C  and 

D,  under  command  of  Captain  Parker. 

March  5   ....do Topoffraphical  sketch  of  part  of  Western  Colorado 

ana  Eastern  Utah,  showing  route  of  Lieutenant 
'      Humphrey,  Ninth  Cavalry. 

HarchlO    do New  road  from  Wichita,  Kans.,  to  Barrel  Springs, 

1  Ind.T. 

March  20   do ,  BoutefromFortGarland,  Colo.,  to  Santa  Fe,N.Mez., 

!      and  from  San  Juan,  N.  Mex.,  to  Alamosa,  Colo. 


Captain  WeAeaaaejtr. 
Lieutenant  Ridlber. 
lieutenant  Rol&Mr. 

Captain  Park^-. 

Lieutenant  Hamph- 
rey. 

Lieut  C.  H.  HeyL 

Lieutenant       Ste*i- 
man. 


March  21 

March  21 
March  28 
March  28 
April  2 
April  19 
April  96 


April 

e 

April 
May 

22 

8 

June 

23 

Department  of  Dakota, 


1  tracing, 

....do... 

....do.... 

....do... 
...do..., 
...do... 
1  map... 


Topographical  map  of  Fort  Custer,  Mont .., >  Private  Lewis  TTer- 

'    ver.  Second  Cavalija 

Plan  of  FortCustcT,  Mont i 

Reconnaissance  from  Fort  Keogh  to  Fort  Bnford ,  Lieutenant  Maini^ra. 

Reconnaissance  of  the  Owl  River |  Lieutenant  HolltaiaB. 

Military  reservation,  Fort  Keogh Lieutenant  Mai^oir^ 

Planof  Fort  Keogh,  Mont Lieutenant  Ma^pidra. 

Department  of  Dakota,  1878 Lieutenant  Ma^nin. 


Department  of  Texas. 


1  tracing '  Field  operations  Companv  K.  Tenth  Cavalry,  Sep 

tember  and  November,  1878. 

1  map Western  Texas,  December,  1878  (photograph) 

1  tracing..  "       -     -  .  .     .         .  «  ...,..,, 


..do.. 


Scout  of  detachment  Company  K,  Tenth  Lufantry, 
from  Fort  Griffin,  Tex.,  to  vicinity  of  Pease  River. 

Scout  by  Lieut  J.  L.  Bullis,  Twenty-fourth  Infantry, 
from  Fort  Clark,  Tex.,  through  Texas  and  in  New 
Mexico  in  the  spring  of  1879. 


Department  of  the  Platte, 


Lieutenant  Read. 

Captain  Livermore. 
Lieutenant  Winatra. 

Lieutenant  BuUis. 


March  10 
May      8 


1  tracing Military  reservation,  Camp  Sheridan,  Nebr !  Captain  Stanton. 

1  map t  Reconnaissances  of  routes  in  Department  of  the  ;  Captain  Stanton. 

Platte,  1875,  1876,  and  1877. 


Division  of  the  Pacific, 


April    2 
April    2 ! 


2  maps... 
do 


Sheets  two  and  eight  of  Arizona  Territory ,  Lieutenant  Toucy. 

Scout  of  Lieut  Geo.  S.  Wilson,  Twelfth  Infantry,     Lieutenant  Palfrey. 

near  headwaters  of  Salmon  River,  Indian  Terri« 

tory,  in  the  summer  of  .1878.  i 
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ANMJAL  EEPORT  OF  CAPTAIX  W.  S.  STANTOX,  COEPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1879. 

explorations  and  surveys  in  the  department  of  the  platte. 

Headquarters  Department  of  the  Platte, 

Engineer  Office, 
Fort  (hnahuj  Kebr.j  July  4, 1879. 

General  :  I  have  the  honor  to  submit  the  following  report  as  engineer 
officer  of  this  military  department  for  the  fiscal  year  ending  June  30, 
1879. 

My  last  annual  report  exhibited  the  progress,  and  the  results  thus  far, 
of  a  system  of  reconnaissances  designed  for  sucnu  revision  of  the  depart- 
ment map  and  to  secure  such  information  as  the  needs  of  the  service 
more  immediately  demand,  especially  in  regard  to  present  and  fiiture 
routes.  , 

The  region  of  active  service,  where  such  work  is  most  needed,  is  that 
part  of  the  department  lying  north  of  the  Union  Pacific  Bailroad  and 
Tvest  of  the  one  hundredth  meridian,  embracing  about  160,000  square 
miles.  Four  lines  of  telegraph  penetrate  it  from  the  railroad  at  inter- 
vals of  about  130, 180,  and  190  nules.  The  eastern  and  western  of  these 
lines  extend  beyond  the  northern  boundary  of  the  department  to  Fort  Cus- 
ter and  Helena,  Mont,  while  the  two  intermediate  ones  penetrate  to  dis- 
tances respectively  at  Camp  Stambaugh  and  Fort  McKinney,  of  100  and 
225  miles.  These  lines  of  telegraph  afford  excellent  and  unusual  facili- 
ties for  reconnaissances  by  providing  telegraphic  longitudes  for  their 
initial  and  closing  points,  and  j&requently  checked  chronometer  rates  for 
chronometric  longitudes  at  intermediate  camps.  They  thus  impart  to 
the  work  an  accuracy  sufficient  not  only  for  all  present  uses,  but  to  give 
it  in  a  considerable  degree  a  permanent  value  for  use  hereafter  in  con- 
nection with  a  systematic  survey  of  the  West. 

These  reconnaissances  have  been  made  thus  far  where  most  urgently 
needed,  in  that  part  of  the  department  which  was  either  the  base  or  seat 
of  operations  against  the  Sioux  Indians  in  1876  and  which  is  still  the 
region  of  the  most  activity  in  the  movement  of  troops  and  supplies. 
But  few  if  any  of  the  routes  there  were  before  correctly  mapp^  and 
none  of  them  had  been  measured,  at  least  the  i^esults  of  no  reliable  meas- 
urements were  available  for  paymehts  by  the  Pay  and  Quarterraaster^s 
Departments  or  for  arranging  and  conducting  military  movements.  The 
printed  itineraries  and  tables  of  distances  resulting  have  been  supplied 
to  various  disbursing  and  accounting  officers  here  and  in  Washington, 
by  whom  they  have  been  sought,  and  officers  serving  with  troops  have 
conclusively  asserted  their  usefulness  in  the  field. 

The  operations  against  the  Baiinock  and  Shoshonee  Indians  in  South- 
eastern Idaho  in  the  spring  of  1878  disclosed  the  fact  that  the  map  of 
that  Territory  is  quite  out  of  date  and  defective  for  campaign  purposes, 
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revealing  a  want  of  information  regarding  routes  and  localities  hampe^  , 
ing  to  the  department  commander  and  his  staff  here  and  to  officers  ini 
the  field  there,  and  strikingly  exemplified  the  necessity  for  poshing  tta. 
reconnaissances  to  the  western  limit  of  the  department  as  soon  as  prae-^ 
ticable. 

AgaiiK  on  the  escape  of  the  Cheyenne  Indians  northward  firomttej- 
Indian  Territory  last  autumn,  the  search  by  the  troops  for  a  band  eC^ 
them  in  the  great  sand-hill  region  of  this  State  evinced  the  need  of  ex* ; 
tending  the  reconnaissances  eastward  to  secnre  information  of  tilie  mot> 
favorable  lines  of  approach  and  entrance  to  the  sand  hills,  and  of  thft  |  r 
location  of  the  most  probable  resorts  for  Indians  among  them.    The  utt  ] 
of  exploring  that  rather  obscurely  known  and  diflftcult  region  is  further- . 
apparent  from  the  present  proximity  to  it  of  the  Sioux  and  from  the  pot-  'j 
sibility  that  they  likewise  may  resort  to  it  if  again  hostile  and  puff*  j 
sued  by  the  troops.  1 

These  reconnaissances,  which  are  so  clearly  of  immediate  utility  to  tha  1 
service,  are  made  with  means  as  exclusively  military  as  consistent  wiA  f 
eflftcient  and  accurate  work  and  with  a  true  economy,  which  exacts  sad  \\ 
an  application  of  the  means  employed  (personal,  escort,  and  transports 
tion)  as  will  secure  the  largest  and  best  results.    The  only  servioe  ndt 
rendered  by  persons  either  commissioned  or  enlisted  is  that  performel 
by  one  civilian  as  topographer  and  assistant  in  the  field  and  as  pnnct^ 
pal  draughtsman  in  the  of&ce  at  $100  per  month,  a  sum  well  expendei 
and  as  well  earned  by  exacting  and  unremitting  labor. 

This  much-needed  map-work,  based  upon  careful  reconnaissances  anl 
all  available  information  from  o^ailroad,  boundary,  and  land  sorveyi : 
is  the  chief  and  foremost  duty  of  a  department  engineer,  in  which,  witi  { 
suitable  means,  he  could  constantly  render  advantageous  and  remuner*  « 
tive  service  to  the  government. 

I  regret  to  report  that  the  utter  want  of  funds  in  this  ofl^ce  has  cooi» , 
pelled  the  discontinuance  of  reconnaissances  during  the  year,  and  coi^  : 
sequently  that  no  material  progress  has  been  made  with  the  departmeiA  : 
map. 

Throughout  the  year  this  department  has  had  neither  a  dollar  of  engi» 
neer  funds  nor  an  engineer  soldier.  A  detachment  of  selected  engineer  'i 
troops  has  long  been  sought,  with  the  design,  after  carefully  instractinf  j 
them,  of  distributing  them  among  the  more  important  posts  in  the  de*  ^"j 
partment,  to  be  at  hand  to  accompany  the  marches  of  the  various  col*  5 
umns  and  detachments  for  the  purpose  of  making  with  odometer  ani  ] 
compass  a  carefol  survey  of  their  trails.  This  appears  to  be  the  only  j 
method  of  securing  from  these  movements  information  sufficiently  com*  ; 
plete,  clear,  and  accurate,  and  sufficiently  trustworthy  to  embody  uiH)ft  ) 
the  map.  , 

The  following  is  a  summary  of  what  has  been  done  in  the  office  subsA*  i 
quently  to  the  first  two  months  of  the  fiscal  year,  which  were  occupied  ; 
in  completing  the  computations  of  altitudes,  preparing  the  profiles  of  ■ 
routes  and  plates  of  meteorological  curves,  and  finishing  the  map,  all  of 
which  accompanied  my  last  annual  report. 

The  reduction  of  the  meteorological  observations  taken  at  Fort  Lara* 
mie  during  the  reconnaissance  of  the  preceding  year  has  been  completed 
The  results  of  these  observations,  which  were  taken  hourly  from  July  31 
to  November  2, 1877,  are  embodied  in  the  three  following  tables  and  in 
the  curves  on  the  two  plates  herewith,  which  give  hourly  for  each  d 
the  three  periods  fi^m  July  31  to  August  31,  September  1  to  30,  and 
October  1  to  November  2,  the  mean,  each,  of  the  temx>erature,  differend 
between  the  wet  and  dry  bulb  thermometers,  force  of  vapor,  relative  hu- 
midity, and  horary  correction  of  the  barometer. 
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Summary  of  hourly  ohaervationa  at  Fort  Laramie,  Wyoming ,  from  July  31  to  JVbremft^r  2, 1877. 
LftUtade  43o  IS'  01'';  altitade  above  sea  level,  4,241  feet. 
From  July  31  to  August  31. 
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October  1  io  yorrniberH. 
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The  six  original  sheets  on  a  scale  of  1:200,000  of  the  map  which  was 
printed  on  a  scale  of  1: 900,000  with  the  reporij  of  last  year,  have  been 
finished  by  inking  and  lettering  them  and  adding  the  topography.  They 
are  on  a  soitable  scale  for  plotting  the  Held  notes,  and  are  retained  in 
the  office  in  order  that  reliable  reconnaissances  which  may  be  made  in 
fhture  in  the  region  which  they  cover  may  be  plotted  upon  them.  All 
reliable  information  secured  within  their  limits  will  thus  gradually  be 
accumulated  on  these  sheets,  which  will  contain  only  work  known  to  be 
correct  from  actual  survey  in  the  field. 

The  compass  and  odometer  notes  of  the  1,300  miles  of  routes  embraced 
in  the  reconnaissance  of  1877  have  been  reduced  with  the  traverse  table, 
and  the  latitudes  and  departures  thus  found  between  the  various  camps 
hp^ve  been  compared  wi^  the  same  co-ordinates  as  determined  astro- 
nomically. This  reduction  and  eompax ison  were  made  to  show  witli 
accuracy  how  closely  the  trail  as  surveyed  with  the  compass  and  odom- 
eter would  plot  between  the  astronomical  points,  and  to  give  an  approx- 
'ipaate  idea  of  the  reliability  of  odometer  measurement  of  routes.  The 
comparison  is  given  in  the  appended  table. 

Excluding  cases  where  the  co-ordinates  make  an  angle  of  nearly  90^ 
with  the  route  which  involve  the  largest  error  arising  from  want  of  re- 
finement in  taking  the  courses,  and  excluding  unusually  tortuous  routes 
in  very  hilly  country,  an  examination  of  the  table  will  show  that  the 
average  excess  by  odometer  measurement  is  about  4  J  percent.  This 
excess  would  seem  to  be  no  greater  than  that  due  to  the  tortuosity  of 
the  trail  in  each  course  and  to  the  slope* 

Nearly  a  month  was  spent  during  the  winter  in  very  carefully  exam- 
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ining  and  correcting,  within  the  limits  of  this  military  department,  a 
photographic  copy  of  the  northeastern  sheet  of  the  ms^  of  the  Westom 
Territories  being  compiled  in  the  Engineer  Department,  which  was  sent 
to  this  office  for  that  purpose. 

The  collection,  from  tlie  General  Land  Office  and  from  the  office  of  the 
Adjutant-General  of  the  Army,  of  information  relating  to  the  yarious  mili- 
tary reservations  in  Hiis  department  which  has  been  in  progress  for  some 
time  past  has  been  completed,  and  from  the  mass  of  papers  thus  secured 
and  filed  in  the  office  a  comprehensive,  dear,  and  quite  voluminous  record 
has  been  made  of  the  various  orders  of  the  ^President  by  whidi  the  reser- 
vations have  been  declared  or  enlarged,  of  the  acts  of  Congress  by  which 
they  have  been  reduced  or  relinquished,  and  of  the  general  orders  and 
most  important  correspondence  from  the  War  Departoent  and  division 
and  department  headquarters  rdating  thereto. 
From  this  informatioii,  with  that  previously  in  the  office,  revised  plots 
,  have  been  prepared  of  the  nineteen  military  reservations  in  the  depart- 
,  ment  on  an  umform  scale  of  two  inches  to  one  mile  (1:31680)  and  trac* 
!  ings  of  them  havie  been  made  for  file  at  the  headquarters  of  the  various 
;  posts.    Full  information  is  clearly  inscribed  on  the  plot  of  each  reserva- 
;  tion,  describing  its  boundaries,  specifying  the  various  orders  by  which 
'  it  was  established,  when  and  by  whom  it  was  surveyed,  and  giving  the 
latitude,  longitude,  altitude,  and  magnetic  declination  of  the  post. 

The  aggregate  area  of  land  in  the  department  reserved,  leased,  and 
:  purchased  for  military  purposes  is  306.2  square  miles. 

The  above  compilation  and  plots  a^e  fortunately  at  hand  to  favor  a 
«  ready  compliance  with  a  request  for  information  of  this  precise  charac- 
;  ter  recently  made  by  the  War  Department  upon  the  department  com- 
*  mander  and  referred  to  this  office. 

The  collection  of  information  has  been  in  progress  for  the  revision  of 
the  "  tables  of  distances  and  itineraries  of  routes''  in  this  department 
necessary  on  account  of  changes  which  have  occurred  since  their  prepara- 
tion in  December,  1877.  The  more  important  of  these  changes  are  as 
follows :  The  post  of  Fort  McKinney  has  been  moved  51.6  miles  by  road 
west  of  north  from  its  former  site  on  Powder  Eiver  to  the  Clear  Fork  of 
that  stream.  The  posts  of  Fort  Bridger,  Camp  Stambaugh,  North 
Platte,  and  the  sub-post  of  Hat  Creek  have  been  abandoned.  The  des- 
ignations of  Camps  Bobinson  and  Douglas  and  of  Sidney  and  Omaha 
Barracks  have  been  changed  to  forts,  and  the  name  of  Camp  Brown  has 
been  changed  to  Fort  Washakie.  A  new  route  has  been  opened  by  the 
troops  from  Rawlins,  on  the  Union  Pacific  Railroad,  via  Whisky  Cap, 
Muddy  Creek,  and  Sweetwater  River,  to  Fort  Washakie,  Wyo.,  materially 
shortening  the  line  of  transportation  from  the  east  to  that  post.  The 
Utah  Northern  Railroad  (narrow  gauge)  has  been  extended  102  miles 
from  Franklin,  to  Blackfoot,  Idaho,  reducing  the  distance  between  Fort 
Hall  and  railroad  communication  from  104  to  12  miles.  The  extension 
of  the  Utah  Southern  Railroad  is  in  progress  southward  to  a  point 
nearer  Fort  Cameron,  Utah.  A  line  of  telegraph  has  been  completed 
by  the  troops  from  Deadwood  across  the  northeast  comer  of  this  depart- 
ment to  the  Little  IVIissouri  River  and  extended  by  detachments  from 
Forts  Keogh  and  Custer,  Mont.,  to  those  posts.  The  Spotted  Tail  and 
Bed  Cloud  Agencies  of  the  Sioux  Indians  have  been  moved  from  the 
Missouri  River,  respectively,  to  the  South  Fork  of  White  River  at  the 
mouth  of  Rosebud  Creek,  and  to  Big  White  Clay  Creek  at  the  mouth  of 
Wolf  Creek.  This  location  of  that  powerful  tribe  in  a  degree  imperils 
the  cattle  interests  on  the  Niobrara  River,  in  the  northern  part  of  this 
department,  and  causes  a  necessity  for  reconnaissances  to  secure  infor- 
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matioii  needed  in  the  service  which  the  troops  are  liable  to  be  called 
upon  to  render  in  protecting  that  region.  For  this  latter  purpose  ttte 
construction  at  once  of  a  new  post  in  the  yicinity  of  the  intsersection  of 
the  Niobrara  by  the  100th  meridian  is  probable. 

Thirty-two  copies  of  the  '^  tables  and  itineraries,''  359  maps,  and  153 
reports,  140  of  which  also  contain  maps*  have  been  issued. 

Drawing  materials  to  the  amount  of  $35.80  have  been  purchased  and 
supplied  to  the  office  by  the  Engineer  Department^  which,  excepting^ 
the  maps  and  reports  supplied  for  issue,  is  the  entire  amount  of  engineer 
funds  applied  in  this  military  department  during  the  year. 
Very  re8i)ectftilly,  your  obedient  servant, 

W.  S.  Stanton, 
Captain  of  Engineers,  Chief  Engineer  of  Department. 
The  Chief  of  Engineers,  U.  S.  A. 
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AI^TNUAL  EEPORT  OF  LIEUTENANT  E.  II.  RUPFNER,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1879. 

kxplobations  and  surveys  in  the  department  of  the  missouri. 

Headquarters  Department  of  the  IVIissouri, 

Office  of  the  Chief  Engineer, 
Fort  LetciSy  Pagosa  SjpringSj  Colo.j  July  5, 1879. 

Sir  :  I  have  the  honor  to  render  the  following  as  my  annnal  report 
for  the  year  ending  June  30, 1879 :  On  the  23d  of  July,  1878, 1  left  Fort 
Leavenworth  for  Fort  Oarland,  Colo.,  and  then  took  charge  of  the  work 
authorized  by  the  sundry  civil  expense  bill  for  the  current  fiscal  year 
upon  ^<  military  wagon-road  from  a  suitable  point  on  the  Denver  and 
Rio  Grande  Railway  to  Parrott  City,  Colo.,''  for  which  an  appropriation 
of  $5,000  was  avaUable.  After  a  preliminary  report,  which  was  ap- 
proved by  the  department  commander,  work  was  authorized  by  the 
Secretary  of  War  upon  the  selected  line.  This  line  was  due  west  from 
Alamoso  to  the  canon  of  Cat  Creek,  and  thence  up  it  and  across  to  the 
caiion  of  Alamosa  Creek.  Up  this  creek  the  line  was  a  natural  water- 
grade  and  an  easy  one  untU,  at  5  miles  from  the  summit,  a  small 
^butary  was  followed  to  the  large  park  to  the  west  of  the  summit  dis- 
trict, or  small  town  called  the  Summit 

The  pass  used  was  afterwards  determined  by  a  survey  of  the  Denver 
and  Rio  Grande  Railway  to  be  at  an  elevation  of  11,554  feet,  Alamosa 
being  7,500  feet  and  54  miles  distant.  The  railway  line  is,  however, 
longer  than  the  wagon-road,  which  has  an  average  grade  of  about  75 
feet  in  the  ca&on  and  300  feet  to  the  mile  which,  ascending  the  pass 
in  the  steepest  portion,  or  about  5  miles.  On  the  western  slope 
ibe  line  follows  down  the  principal  tributary  of  the  east  fork  of  the 
San  Juan,  down  which  the  grade  is  very  psecipitons,  probably  400 
feet  to  the  mile,  for  2  or  2^  miles.  After  this  the  grade  is  better,  and 
at  the  junction  of  the  two  forks  a  good  road  is  met  from  that  point  to 
Pagosa  Springs,  12  miles  distant.  To  use  $5,000  in  opening  50  miles 
of  new  wagon-road  and  across  the  main  range  of  the  Rocky  Mountains 
is  not  a  veiy  easy  task.  It  was  the  intention  to  carry  a  wagon-track  as 
far  as  possible,  leaving  its  improvement  to  some  fhture  time.  Work 
continued,  therefore,  till  the  exhaustion  of  the  appropriation  on  the  1st 
of  December,  at  which  time  a  wagon  could  go  from  Alamosa  to  a  point 
some  6  miles  west  of  the  range,  leaving  some  20  miles  of  line  which  are 
passable  only  by  the  trail.  The  road  was  at  best  only  passable  by 
wagons,  and  a  further  appropriation  of  $10,000  was  asked  to  complete 
the  work.  This  has  been  granted,  and  work  began  on  the  2d  of  July, 
which  will  result  in  the  completion  of  the  road. 
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In  the  fall  a  temporary  cantonment  was  established  at  Pagosa  Springs, 
which  has  since  been  enlarged  and  established  as  a  permanent  post  un- 
der the  name  of  Fort  Lewis^  and  I  was  ordered  to  sorvey  the  boundaries 
of  a  military  reservation  for  this  post  in  December,  1878. 

This  work  was  done  between  December  10  and  17,  in  the  midst  of 
very  cold  weather,  the  thermometer  dropping  to  23^  below  zero.  A 
reservation  6  miles  square  was  laid  off,  which,  excluding  therefrom  the 
township  reservation  of  1  mile  square  made  by  the  President  May  20, 
1877,  contains  35  square  miles  of  land,  which  will  some  day  be  very  val- 
uable, and  which,  in  connection  with  the  new  scheme  relative  to  the 
consolidation  of  tiie  Ute  Indian  tribes  in  this  vicinity  on  a  new  and  very- 
much  smaller  reservation,  will  make  an  important  military  location* 
The  very  fact  of  a  mUitary  post  established  at  this  point  has  brought  a 
small  population  of  600  to  the  new  town,  where  six  months  before  was 
found  only  one  house. 

Under  special  orders  of  the  department  commander,  I  left  Fort  Leav- 
enworth on  April  10,  and  inspected  the  condition  of  the  Alamosa  road 
as  far  as  finished,  and  then  went  to  Pagosa  Springs  and  was  engaged 
till  the  end  of  the  fiscal  year  in  making  a  detailed  survey  of  the  interior 
of  the  military  reservation  at  Fort  Lewis,  and  in  preparing  estimates 
and  making  examinations  relative  to  the  building  of  the  new  post.  The 
survey  has  been  completed,  and  a  map  is  now  being  prepared  showing 
the  details,  contour  lines,  &c.,  of  this  reservation.  Work  having  began 
on  the  Alamosa  and  Pai^osa  Springs'  wagon-road,  my  station  has  been 
changed  to  Fort  Lewis  during  its  continuance.  During  the  summer  and 
fall,  and  probably  with  the  winter,  I  expect  to  be  employed  on  these 
works. 

There  being  no  funds  available  for  surveys,  there  has  been  no  surveys 
conducted  under  my  direction  this  year  other  than  those  mentioned* 
Lieuts.  J.  B.  Lockwood  and  C.  H.  Heyl,  of  the  Twenty-third  Infantry, 
have  been  engaged  under  orders  from  the  department  and  post  com- 
manders in  making  surveys  and  measurements  of  the  roads  leading  &om 
Wichita  and  Fort  Supply  to  the  new  cantonment  on  North  Fork  of  Bed 
River,  in  the  Indian  Territory,  and  plats  of  these  surveys  have  reached 
my  office.  The  usual  number  of  maps  have  been  distributed,  but  there 
has  been  very  little  office  work  done,  owing  to  lack  of  material  and  my 
absence  on  personal  duty  fix)m  my  station  all  but  3^  months  of  the  year. 

I  submit  herewith,  in  connection  with  my  last  year's  report,  a  very 
valuable  chemical  report  made  by  Dr.  Oharles  Smart,  United  States 
Army,  on  the  specimens  of  deposits  and  water,  submitted  by  Lieutenant 
McCauley  and  collected  by  him  at  Pagosa  Springs. 

This  report  is  of  special  value,  as  covering  some  peculiar  conditions  of 
animal  and  vegetable  life  at  these  springs;  which,  remarkable  from  so 
many  points  of  view,  are  more  likely  to  come  to  the  public  notice  as  their 
I>eculiarities  are  known. 

Very  respectfully,  your  obedient  servant, 

E.  H.  RUPFNEB, 

First  Lieutenant  of  Engineers. 
The  Chief  of  Engineers,  U.  S.  A. 
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CHEMICAL  REPORT  ON  THE  PAGOSA  SPRINGS  OF  COLORADO,  BY  CHARLES 
SMART,  ASSISTANT  SURGEON,  U.  S.  A. 

letter  of  transmittal  from  lieutenant  m^cauley. 

Fort  Fred  Steele,  Wyo., 

June  19, 1879. 

Sir  :  I  have  the  honor  to  transmit  herewith  "  Cliemical  Report  on  the  Pagosa  Springs 
of  CoZoratio,"  J  list  receiyed  from  Dr.  Charles  Smart,  assistant  snrgeon  United  States 
Army,  the  inspector,  &.C.,  of  the  National  Board  oi  Health,  lately  stationed  at  Fort 
Preble,  Maine. 

In  Jane,  1877,  while  year  assistant,  having  been  sent  from  department  headquarters 
into  the  field  in  charge  of  the  **  reconnaissance  of  the  San  Jaan  country  of  Colorado," 
the  results  of  which  are  contained  in  your  annual  report  for  1878,  lately  issued  from 
the  office  of  the  Chief  of  Engineers,  I  collected  while  in  camp  at  Pagosti  Springs,  Col- 
orado, samples  of  the  waters  for  analysis. 

Dr.  Smart,  who  had  kindly  promised  to  make  the  investigations  gratis,  being  at  that 
time  changing  station,  the  waters  were  shipped  to  a  chemist  in  the  office  of  the  Sur- 
geon-General at  Washington,  by  whom,  owing  to  a  press  of  work  on  hand,  they  were 
overlooked.    On  account  of  the  resulting  deposition  no  report  could  be  obtained. 

The  following  year  another  effort  was  made  to  obtain  the  necessary  water  from  the 
springs,  which  during  the  summer  was  prevented  by  the  duties  incident  to  the  work 
of  the  Ute  Indian  Commission.  The  latter  concluded,  the  journey  from  Fort  Garland 
over  the  mountain  ranges  to  Pagosa  was  undertaken  in  winter,  occupying  five  weeks, 
including  the  time  at  Fort  Garland,  whenfdugaged  upon  the  report. 

The  report  upon  the  springs,  made  agreeably  to  telegraphic  instructions  from  the 
commanding  officer,  district  of  New  Mexico,  was  duly  forwarded  to  Santa  Fd,  N. 
Mex.,  thence  being  sent  to  the  commandinggeneral.  Department  of  the  Missouri,  by 
whom  it  w^as  forwarded  to  the  Secretary  of  War,  appearing  as  Senate  Document  No. 
65,  Forty-fifth  Congress,  third  session,  March,  1879. 

The  various  waters  obtained  for  qualitative  and  quantitative  analyses— thirty  quarts 
in  all— securely  bottled  and  very  carefully  packed  for  mountain  travel,  were  supple- 
mented by  a  large  and  complete  collection  of  deposits  from  the  springs,  and  were 
shipped  from  Camp  Lewis,  Pagosa  Springs,  in  December,  via  Fort  Garland,  Colo., 
reaching  department  headquarters  at  Fort  Leavenworth,  Kansas,  late  in  Januarv, 
1H79.  Having  been  exposed  in  transit  to  low  temperatures,  as  ^eat  as  — 2(P  or  — 30^  F., 
90  per  cent,  of  the  samples  were  ruined  by  freezing  and  breakage.  The  three  quart 
bottles  remaining,  repacked  and  reshipped,  with  the  collection  of  deposits,  reached 
Dr.  Smart  at  Fort  Preble,  Maine,  in  March  last,  the  report  here  with  transmitted  to  you 
being  the  results  of  his  investigation  thereon. 

Although  not  now  on  duty  in  your  office,  I  beg  leave  to  forward  it  at  once,  request- 
ing that,  if  possible,  it  may  be  .printed  with  your  annual  report  for  1879.  The  result 
of  careful  and  extended  research,  it  will  be  found  an  exceedingly  interesting  and  val- 
uable document. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

C.  A   H.  McCauley, 
jFir«^  Lieut,  Third  Cavalry ,  late  Assistant  to  Chief  Engineen'  Department  Mo, 

First  Lieut.  E.  H.  Rufpner, 

Chief  Engineer f  Department  of  Missouri, 


letter  of  transmittal  from  dr.  CHARLES  SMART. 

Fort  Preble,  Portland,  Me.,  April  10, 1879. 

Sir:  I  have  the  honor  to  forward  to  you  the  results  of  an  investigation  into  the  in- 
organic constituents  of  certain  waters  from  the  Pagosa  Springs  of  Colorado. 

The  waters  were  contained  in  three  bottles,  securely  corked  and  in  good  condition, 
each  containing  about  17  ounces,  and  marked,  respectively,  "spring  No.  1,"  "spring No. 
10,'*  and  "spring  No.  17." 

The  loss  of  90  per  cent,  of  the  samples  from  freezing  and  consequent  breakage  dur- 
ing transportation  was  unfortunate,  as  the  water  was  supplemented  by  a  fine  collec- 
tion of  deposits  from  the  springs,  which,  with  the  original  quantity  of  the  samples, 
would  have  left  nothing  to  be  desired  to  complete  an  accurate  analysis.    As  it  is,  the 


Digitized  by 


Google 


2332  REPORT   OP    THE   CHIEF   OF  ENGINEERS. 

water  was  in  too  limited  a  quantity  to  admit  of  satisfactory  conclasionSf  and  the 
analysis  of  each  woald  have  been  comparatively  valueless  but  for  the  testimony 
which  each  bears  to  the  accuracy  of  the  other. 

Operations  on  minute  quantities  of  matter,  besides  reqnirinf^  greater  care  than  is 
usually  ffiven  to  technical  analysis,  have  their  slight  manipulative  errors  ||p^atly  mag- 
nified when  recorded  as  per  gallon.  Qualitative  examination  showed  in  each  the 
same  constituents — lime,  magnesiai  soda  and  potash,  chlorine,  carbonic  and  sulphuric 
acids,  and  traces  of  iron  and  alumina — the  last  only  in  such  proportions  as  are  found  in 
ordinary  potable  waters. 

Fifty  cubic  centimeters  were  used  in  the  determination  of  the  chlorine  by  voln 
metric,  silver  solution  ;  the  same  quantity  was  employed  for  the  carbonic  acid  by  nor- 
mal acid  and  alkaline  solutions;  and  another  such  volume  for  sulphuric  acid  by  pre- 
aipitation ;  and  the  balance,  one  hundred  and  fifty  cubic  centimeters,  were  evaporated 
for  the  total  solids,  the  lime  of  which  and  the  magnesia  were  separated  and  weighed 
while  another  volume  of  150  cubic  centimeters  was  employed  in  determining  the  rela 
tive  quantities  of  the  alkalies.  Abont  one-fourth  of  the  sample  was  thus  reserved  foi 
a  repetition  of  an  experiment  in  which  accident  might  interfere  to  render  the  resul 
doubtful. 

The  following  represents  the  constitution  of  the  springs  as  accurately  as  the  amount 
of  the  samples  will  permit : 


Siplphate  of  soda,  IngnUosper  gallon '  139.0 

^otasaiam,  chloride i  19.0 

Lime,  carbonate I  4L0 

Magnesia,  carbonate ;  2.5 

Lime,  solphate ^ 11.4 

Total  in  grains  per  gallon |       212.9  186.6  156.4 

These  results  have  their  error  on  the  side  of  excess,  the  totals  by  evaporation  being 
204, 173,  and  141  grains  per  gallon,  in  the  No.  1,  No.  10,  and  No.  17  springs,  respectively^ 
Most  of  the  deposits  from  these  springs  are  mixtures  of  lime  sulphate  with  carbonates 
of  lime  and  magnesia,  the  lime  sulphate  p^reatly  preponderating.  One  sample,  marked 
as  from  the  bottom  of  sprint  No.  1,  consists  almost  purely  of  sulphate  of  lime. 

Among  the  specimens  marked  as  collected  near  this  spring  (No.  1)  was  a  fragment 
of  moss,  which  had  been  thickly  incrusted  with  the  more  soluble  salts  of  the  water. 
This  was  employed  to  determine  the  relative  proportions  of  the  alkalies,  as  the  evi- 
dence from  the  water  sample  was  not  so  trustworthy  as  desirable.  The  result  demon- 
strated the  presence  of  potassium  in  quantity  to  combine  with  the  chlorine  foandi 
leaving  the  sodium  entirely  as  sulphate. 

In  this  specimen  a  show  of  lithium  was  obtained  by  precipitation,  so  that  its  exist- 
ence is  probable  in  the  water  also. 

^  These  springs  may  be  rej^arded  as  virtually  the  same  water ;  No.  1,  for  instance,  being 
simply  diluted  by  the  innux  of  tributaries  of  less  saline  character  to  produce  the 
waters  of  Nos.  10  and  17.    The  springs  are  presumably  laxative  and  slightly  antacid. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

Charles  Smart, 
Captain  and  Amstant  Snrgeon,  V,  S,  J, 
Lieut.  C.  A.  H.  McCauley, 
Third  United  States  Cavalry. 


REPORT. 

The  water  and  samples  of  deposits,  the  analyses  of  which  form  the  basis  of  the  fol- 
lowing report,  were  collected  in  December,  1878,  by  Lieutenant  McCauley,  Third  United 
States  Cavalry,  assistant  engineer,  Department  Missouri,  during  his  explorations  in  and 
around  the  springs.  Although  a  fair  quantity  of  water  for  analytical  purposes  was 
bottled  from  each  of  the  notable  springs,  the  low  temperature  to  which  it  was  exposed  on 
its  way  from  Colorado  to  Fort  Leavenworth  caused  freezing,  with  consequent  break- 
age and  loss,  so  that  there  were  forwarded  to  the  writer  only  three  bottles,  each  con- 
taining about  17  ounces,  and  marked,  respectively,  Spring  No.  1,  Spring  No.  10,  and 
Spring  No.  17.  The  loss  was  unfortunate,  as  the  waters  were  supplemented  by  a  large 
collection  of  deposits  from  the  springs,  which,  with  the  quantity  originally  bottled, 
would  have  left  nothing  to  be  desired  to  complete  an  accurate  analysis. 
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As  it  was,  the  water  samples  were  too  limited  in  quantity  to  admit  of  satisfaotory 
couolnsions  in  the  individual  case,  and  the  analysis  of  each  would  have  heen  compara- 
tively valueless  biit  for  the  testimony  which  each  bore  to  the  accuracy  of  .the  others, 
operations  on  minute  quantities  of  matter,  besides  requiring  greater  care  than  is  usu- 
ally given  to  technical  analyses,  have  their  slight  manipulative  errors  greatly  magni- 
tied  when  recorded  as  |>er  giUlon. 

Qualitative  examination  showed  in  each  the  same  constituents,  calcium,  magnesium, 
6odium.  potassium,  chlorine,  carbonic,  and  sulphuric  acids,  with  traces  of  iron  and  alu- 
mina, tne  last  only  in  such  proportions  as  are  found  in  ordinary  potable  waters.  Fifty 
«nbic  centimeters  were  usea  in  the  determination  of  the  chlorine  by  volumetric  silver 
solution  ;  the  same  quantity  was  employed  for  the  carbonic  acid  by  normal  acid  and 
alkaline  solutions ;  ai^d  another  such  volume  for  sulphuric  acid  by  precipitation  and 
the  balance.  One  hundred  and  fifty  cubic  centimeters  were  evaporated  for  the  total 
solids,  the  calcium  of  which  and  the  magnesium  were  separated  and  weighed ;  while 
another  volume  of  150  cubic  centimeters  was  employed  in  determining  the  relative 
quantities  of  the  alkalies.  About  one-fourth  of  the  sample  was  thus  reserved  for  a 
repetition  of  any  experiment  in  which  accident  might  interfere  and  give  uncertainty 
to  the  result. 

The  following  represents  the  constitution  of  the  springs  as  accurately  as  the  amount 
of  the  sample  of  each  will  permit : 


Sodium  sulphate 

Calciam  carbonate 

Caloinm  salphate 

Mafrnesium  carbonate . 
Potassiam  cliloride .... 


Total  in  grains  per  liter. 


^FoU" 

Spting 
No.  10. 

1.671 
.690 
.146 
.030 
.197 

Spring 
So.  17. 

1.986 
.586 
.163 
.036 
.271 

1.443 
.434 
.143 
.049 
.194 

3.042 

2.664 

2.363 

These  results  have  their  error  on  the  side  of  excess,  the  totals  by  evaporation  being 
2.914, 2.471,  and  2.014  grains  per.  liter  in  the  No.  1, 10,  and  17  springs,  respectively. 

Among  the  specimens  markea  as  collected  near  spring  No.  1  was  a  fragment  of  moss 
which  had  become  thickly  inc rusted  with  the  more  soluble  salts  of  the  water.  This 
was  employed  to  determine  the  relative  proportions  of  the  alkalies,  as  the  evidence 
from  the  water  sample  was  not  satisfactory.  The  result  demonstrated  the  presence  of 
potassium  in  quantity  to  combine  with  the  chlorine  found.  In  this  specimen  a  show 
of  lithium  was  obtained  by  precipitation,  so  that  its  existence  is  probable  in  the  water 
also. 

On  account  of  the  meager  supply  of  water  from  the  three  springs  represented,  and 
the  absence  of  any  information  concerning  their  locality  and  relations,  the  writer's  in- 
terest in  them  ceased. 

They  were  regarded  as  virtually  the  same  water ;  No.  1,  for  Instance,  being  simply  di- 
luted by  the  influx  of  the  tributaries  of  less  saline  character  to  produce  the  waters  of 
Nos.  10  and  17.  Some  of  the  packets  of  deposits,  marked  as  from  Nos.  1  and  17,  were 
opened,  and  calcium  sulphate  and  carbonate  having  been  recognized  as  their  principal 
Constituents,  the  large  assortment  of  specimens  were  set  aside  unopened ;  those  from 
the  springs  examined  as  unnecessary,  since  sulphate  and  carbonate,  with  an  overlying 
water  containing  these  salts,  presented  nothing  to  excite  curiosity,  and  those  from  the 
other  spring  as  possessing  no  interest  in  the  absence  of  the  water  from  which  they 
were  deposited.  The  receipt  at  this  time  of  Mr.  McCauley's  report  on  the  springs  awoke 
an  interest  in  the  specimens  in  the  writer's  possession,  by  making  known  the  relation- 
ship of  their  mother  waters,  so  far  as  this  could  be  discovered  by  inspection.  Nos.  1  and 
10  springs  were  shown  to  be  the  reservoir  and  outlet  of  the  same  water,  an  underground 
channel  connecting  the  two.  During  its  progress  from  the  one  to  the  other  the  water 
lost  temperature  from  141^  to  127^  Fahr.,  by  evaporation,  conduction  through  the  rocks, 
and  inflow  of  surface-water  by  percolation,  to  wnich  last  is  to  be  attributCKl  the  reduc- 
tion in  the  saline  constituents  from  3.042  to  2.664  srams  per  liter. 

Spring  No.  17  was  shown  to  be  separated  from  No.  1  by  a  greater  distance  than  No. 
10.  thus  permitting  a  greater  reduction  in  temperature  and  a  greater  dilution,  the  one 
falling  to  110^  ana  the  other  to  2.263  grams  per  liter.  Moreover,  No.  17  is  an  outlying 
spring,  without  visible  communication  with  either  1  or  lOj  yet,  as  its  waters  were 
proved  by  the  analyses  to  be  similar  in  constitution,  it  was  fair  to  conclude  that  all  the 
other  springs  which  find  an  exit  on  the  same  calcareous  mound  or  plain,  and  which  are 
nearer  to  No.  1  than  is  No.  17,  must  be  derived  from  the  same  source,  and  that  the  de- 
posits from  any  of  the  springs  might  be  taken  as  illustrative  of  all.  The  singular 
character  of  the  deposits  described  by  Mr.  MoGauley  were  unaccountable  in  view  of 
the  constitution  of  the  waters.  Snlphor,  which  figures  so  largely  in  his  description, 
had  been  present  only  in  the  water  of  spring  No.  1,  and  even  in  this  case  the  sulphuretted 
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odor  was  so  faint  as  to  be  set  down  as  accidental  and  owing  to  the  decompoeition  <A 
snlphates  in  the  presence  of  organic  matter.  The  earliest  opportunity  was  therefoT« 
taken  of  examining  these  specimens,  and  with  the  results  which  follow.  Bat  before 
detailing  them,  a  reference  is  needful  to  an  analysis  given  in  Mr.  McCauley's  report  u 
publish^  in  a  popular  work  on  Colorado ;  the  authority  therefor  not  being  stated.  This 
analysis,  I  infer  from  an  article  on  the  Mineral  Springs  of  Colorado,  by  Dr.  T.  6.  Horn, 
in  the  second  annual  report  of  the  State  board  of  health,  must  be  that  of  spring  Mb 
1,  which  was  made  in  connection  with  Lieutenant  Wheeler's  survey,  the  result,  for  the 
popular  convenience,  having  been  rendered  into  grains  per  wine  gallon.  Dr.  Hon 
quotes  from  Lieutenant  Wheeler's  report  the  constitution  of  four  of  tne  springa^  whiofa 
in  grams  per  liter  give  the  following  results : 


OniBtitaents. 


No.  1. 


Sodium  carbonate '  .047 

Lithiam  carbonate '•  .007 

Calcium  carbonate ...  ,  .590 

Magneeinm  carbonate i  .04tf 

Potassium  anipliate |  .071 

Sodium  sulphate 8.217 


Sodium  chloride.. 

SiUdcacid 

Organic  matter... 


Total  solid  constitnente. 


.S9>2 

.057 

Trace. 


3.329 


Ko.2. 


.033 
Trace. 
.505 
.039 
.070 
2.903 
.294 

.o&e 

Trace. 


a285 


Na3. 


Trace. 
.545 

.037 
.066 
2.239 
.31S 
.055 
Trace. 


3  254 


No.  4. 


Trace. 
.5^ 
.0» 

.on 

8.24^ 

.29? 

OK 

Traoe^ 


3  271 


Gases,  carbonic  acid,  and  hydrogen  sulphide.  These  may  probably  give  a  more 
accurate  representation  of  the  totals  in  the  main  spring  and  its  immediate  neighbors 
than  is  afforded  by  the  recorded  results  of  analytical  operations  on  the  small  qaantitj 
furnished  to  the  writer.  But  exception  must  be  taken  to  the  presence  of  sodium  car- 
bonate in  the  main  spring,  and  the  consequent  absence  of  calcium  sulphate  in  its  wa- 
ters. At  the  time  when  special  attention  was  directed  to  this  point  by  the  receipt  oi 
Mr.  McCauley's  report,  a  small  portion  of  the  water  of  the  mam  spring  remained  on 
hand,  having  been  reserved  in  case  of  accident.  This  was  made  use  of  to  determine 
the  point  at  issue.  It  was  evaporated  to  dryness ;  its  soluble  salts  were  dissolved  in  a 
fiBw  drops  of  water,  which,  when  filtered,  gave  no  alkaline  reaction  nor  any  liberation 
of  carbonic  acid  when  treated  with  acid;  thus'  excluding  the  presence  of  an  alkaline 
earbonate,  and  showing  no  chemical  objection  in  the  way  of  the  existence  of  calcium 
sulphate  in  the  original  water.  The  calcareous  film  in  the  capsule  was  then  washed 
with  water  until  the  washings  showed  no  trace  of  chlorine,  when  it  was  conceived 
that  all  the  sodium  sulphate  must  have  been  removed. '  Subsequent  digestion  In  water 
gave  from  the  film  a  solution  which  showed  the  presence  of  sulphuric  acid  and  yielded 
a  precipitate  with  ammonium  carbonate,  proving  the  presence  in  the  original  water 
of  calcium  as  sulphate. 

Moreover,  as  will  be  seen  hereafter  in  discussing  the  crystallizations  from  the  springs, 
calcium  sulphate  in  solution  is  a  necessary  factor  in  their  formation.  A  r^umS  of  Utf 
situation  and  surroundings  of  this  group  of  hot  springs,  gathered  from  Mr.  McCauley'^ 
interesting  report,  is  needful  to  show,  m  connection  with  the  analyzed  depoaite,  th^ 
identity  of  the  waters.  They  are  excavated  in  a  calcareous  rock  which  forms  the  sur- 
face-layer of  a  part  of  the  San  Juan  River  Valley ;  the  river  running  first  westward, 
then  southward,  and  then  inclining  a  little  eastward  in  its  southerly  course,  from  a 
horseshoe  bend,  in  the  concavity  of  which  is  the  area  in  which  the  springs  are  situ- 
ated. The  open  end  of  the  horseshoe  is  bounded  by  rolling  hills.  At  a  point  about 
150  yards  from  the  prong  of  the  horseshoe,  300  yards  from  its  concavity,  and  about 
400  yards  from  the  short  or  refused  southern  prong,  is  the  site  of  the  Great  Hot  Spring, 
the  highest  part  of  the  area.  From  this  the  surface  of  the  Cretaceous  rock  declines, 
but  so  g[ently  that  the  area  is  more  of  a  plain  than  a  decline  towards  the  river,  where 
it  ends  in  a  water- cut  face  with  a  height  of  from  4  to  15  feet  above  the  level  of  the 
running  water. 

The  main  spring,  or  No.  1,  is  oval  in  outline,  69  by  45  feet,  and  of  unknown  depth. 
The  rock  at  its  margin  is  slightly  tilted  up,  so  as  to  give  the  basin  a  crater-like  rim. 
The  water  level  is  5  feet  below  the  rim,  and  there  is  no  surface  outflow.  Bnbblea  of 
gas,  mainly  hydrogen  monosulphide,  arise  and  break  all  over  the  surface ;  bat  the 
greatest  disengagement  of  gas  is  localized  near  the  center,  whence  a  discolored  scorn 
IS  wafted  to  the  sides,  where  it  sinks,  settling  at  the  unknown  bottom  or  on  inter- 
posed ledges  of  a  more  or  less  crystalline  structure,  and  develops  darker  and  beautiful 
hues,  of  which  green  is  the  prevailing  tint.  The  temperature  of  the  spring  is  14 1°  Fahr. 
Underground  channels  carry  the  water  from  this  basin  northward  to  the  San  Juan 
River,  the  outflow  appearing  on  the  water-cut  section  of  the  Cretaceous  rock,  abont  4 
feet  below  its  surface  and  6  feet  above  the  present  level  of  the  river.  The  principal 
points  of  outflow  constitute  springs  Nos.  9  and  10,  both  of  which  have  the  same  tern- 
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peratnre,  127^  Fahr.  On  tlie  line  of  direction  of  these  channels  are  several  holes,  varv- 
ing  in  diameter  from  1  to  5  feet,  which  have  been  set  down  as  springs  Nos.  2,  3,  4,  5, 
and  6.  These  have  temperatures  intermediate  between  those  of  the  termini  of  the 
channels,  and  their  deposits  are  in  general  terms  similar  to  those  of  No.  1. 

Spring  No.  7  lies  on  the  same  line,  bnt  has  a  less  free  commnnication  with  the  nnder- 
lying  current,  as  its  temperature  is  reduced  to  101<^.  Its  deposits  differ  from  those  of 
the  others,  being  uniformly  of  a  reddish  tint. 

Spring  No.  U,  near  by.  is  now  filled  up  by  deposits  similar  to  those  in#No.  7. 

About  100  yards  soutn  of  the  main  spring  are  a  series  of  fpeoinffs,  marked  as  springs 
Nos.  11, 12,  13, 14,  and  15.  These  have  an  overflow,  forming  little  rills,  which  unite. 
and,  running  southward,  are  lost  in  a  swamp  which  lies  between  the  great  basin  ana 
the  river  on  this  side.  Their  temperatare.  No.  12  excepted,  is  but  a  few  degrees  below 
that  of  the  main  spring,  and  the  deposits  in  the  channels  of  the  running  water  are  at 
first  similar  to  those  of  spring  No.  1 ;  bnt  farther  on,  and  especially  after  their  Junc- 
tion with  the  runlet  from  No.  12,  the  temperature  of  which  is  102^  Fahr.,  the  character 
of  the  deposits  becomes  changed. 

In  the  swamp  are  spring  f{os.  18  and  19,  small  holes,  with  an  outflow,  in  the  channel 
of  which  is  a  black  deposit.    Temperature,  99"^  Fahr. 

Nos.  16  and  17  are  between  the  main  springs  and  the  river  on  the  west,  their  temper- 
atures 107^  and  110^  Fahr.,  and  their  deposits  presenting  grayish  and  reddish  tints. 
The  calcareous  rock  is  not  confined  to  the  Hot  Spring  side  of  the  river.  It  passes  under 
the  gravelly  bed  of  the  stream,  and  appears  on  the  right  bank,  with  a  clean-cut  face 
slightly  higher  than  that  on  the  opposite  side.  Its  surface  affords  a  site  for  the  mill- 
ta^  fort  of  Camp  Lewis ;  but  generally,  on  the  right  bank,  its  existence  as  a  surface 
stratum  is  narrowed  to  a  few  hundred  feet  bordering  the  river.  About  half  a  mile 
below  the  hot  springs,  but  on  this,  the  right  bank,  are  three  cold  springs,  closely 
grouped  together  on  a  slight  mound  or  elevation  similar  to  that  existing  around  the 
basin  of  the  main  spring.  One  of  these  is  12  feet  in  diameter,  the  others  being  some- 
what larger.  There  is  in  these  but  little  water  movement,  and  no  outflow  save  by 
percolation  through  the  porous  rock.  The  bottom  here  furnishes  Bnly  a  dark-colored 
mud.  Half  a  mile  farther  down  stream,  in  the  banks  of  the  Ojo  Frio  Creek^  and  even 
in  ite  bed,  are  cold  snlphureted  springs,  much  more  highly  charged  with  this  element 
-than  those  last  mentioned,  bnt  no  samples  were  collected  from  them.  These  are  on 
the  left  or  hot  spring  side  of  the  San  J  nan  River.  Understanding  thus  the  position 
of  the  springs,  the  deposits  may  now  be  presented. 

(a.)  "From  side  of  cliff  iwar  river  hanh,  300  yards  west  of  the  main  spring," 

A  light  ash-gray  block  of  mineral  matter,  imbedding  some  petrified  grass  culms.   It 
consists  of  89  per  cent,  of  calcium  carbonate ;  calcium  sulphate,  and  especially  silica, 
making  up  the  rest. 
'     (h.)  "  Stalagmite  from  spring  No.  1." 

'  An  irregularly-shaped  mass,  granular  and  fkriable,  breaking  with  a  glistening  met- 
alloid fracture.  It  is  grayish  in  color,  with  tinge  of  yellow,  and  has  smaU  yellow  flakes 
on  one  surface  and  whitish  grains  of  efflorescence  on  the  other.  The  flakes  are  pure 
$ulphur ;  the  white  granules  are  sodium  sulphate  with  free  sulphuric  acid.  There  ase 
no  snlpmdes  present. 

Sulphur 968 

Silica 019 

Calcium  sulphate 007 

Acid  sodium  sulphate 006 

1.000 

(c.)  "  Spring  Xo.  1,  sides,** 

In  general  aspect  similar  to  the  last,  but  faced  in  part  with  a  whitish  reticulation 
of  calcium  sulphate.    This,  on  analysis,  gave : 

Calcium  sulphate 720 

Sulphur 216 

Silica ' 037 

Sodium  sulphate 020 

.993 
(d,)  «•  ;^ng  No,  1." 

A  cancellated  mass,  heavier  than  those  already  examined,  opaque,  creamy-white, 
and  with  a  crystalline  luster.    This  gave : 

Calcium  sulphate 859 

Sodium  sulphate '. 001 

Silica 019 

Sulphur 095 

.974 
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Ten  grams  of  this  specitoen  were  operated  on  for  the  sodinm,  and  in  the  extract  the 
presence  of  lithium  was  demonstrated. 

(€,)  "  Spring  Xo.  1." 

Some  mineral  cmsts,  contorted  and  irregular  in  shape,  hut  generally  ahout  half  an 
inch  thick,  consisting  of  several  layers  distinct  in  character — an  asn-gray  gjannlar 
hasement  with  a  lively  green  streak  hetween  it  and  an  overlying  dense  white  crystal- 
line layer,  which  last  is  faced  with  a  white  efBoresoenoe.  A  taint  only  of  suiphnr  is 
discoverahle  ih  this  specimen.  The  gray  is  granular  carhonate,  the  white  crystalline 
calcium  sulphate,  and  the  efflorescence  sodium  sulphate.  The  green  layer  consists  of 
granular  cells,  the  cellular  structure  being  made  out  with  difficulty. 

The  sample  was  boiled  with  hydrochlonc  acid  to  rid  it  of  mineral  matter.  Many 
minute  siliceous  particles,  elongated  and  rounded  at  the  ends,  are  imbedded  in  the 
organized  tissue ;  and  a  number  of  spores,  each  spherical  cell  x^  of  an  inch  in  diam- 
eter, being  densely  filled  with  brown  granules,  are  seen  on  the  field.  Frequently  two 
such  cells  are  inclosed  in  a  common  envelope,  forming  an  elongated  double  spore,  the 
mother  cell  of  which  is  distinctly  seen  as  it  passes  across  the  smous  between  its  spher- 
oidal inclosures.  In  some,  rupture  of  the  parent  cell  under  pressure  of  the  thin  glaat 
can  be  observed,  with  the  spores  in  the  act  of  escaping  from  its  folds. 

(/•)  "  Spring  Xo.  ly  pulpfff  liver-like  matter  at  the  hottomJ* 

This  specimen  is  a  portion  of  a  tablet  about  half  an  inch  thick,  dark-brown  in  color, 
with  a  dull-greenish  admixture.  It  consists  of  a  series  of  horizontal  laminse,  rough- 
ened with  microscopic  siliceous  particles.  In  fact,  on  a  superficial  examination^  it  lookc 
as  if  a  number  of  leaves,  more  or  less  discolored  with  mud,  had  been  compressed  and 
dried  to  form  the  cake.  The  under  surface  is  rough,  dusted  over  with  fine  granules  of 
sulphur,  and  pitted  and  pin-holed  as  if  by  gas  bubbles  which  had  been  oonmied  by  the 
overlying  mass.  The  upper  surface  is  smooth  and  unbroken.  Twenty-six  per  cent,  if 
organic  matter.  The  mineral  matter  consists  chiefly  of  the  elongated  siliceous  parti- 
cles seen  in  (e)y  to|^ther  with  calcium  sulphate,  sodium  from  the  water,  and  a  notable 
proportion  of  iron  and  aluminium,  no  doubt  from  the  aeh  of  the  organic  matter. 

Under  the  microscope,  the  sample,  after  soaking  in  water  for  twentv-four  boars, 
shows  as  a  finely  granular,  greenish  membrane.  This  homogeneity  of  structore  is 
best  seen  in  the  surface  layer,  which  is  less  studded  ^th  silica.  Portions  from  the 
deeper  lasers  show  much  mineral  matter  and  many  spores,  such  as  were  seen  in  (e). 
Soaking  in  caustic  alkali  does  not  alter  the  miorosoopio  appearances. 

Hydrochloric  acid^  while  it  fails  to  clear  the  field  of  the  mineral  accretions,  shows 
the  spores  more  distinctly.  The  greenish  membrane  is  such  a  field  as  would  be  given 
by  the  drying  under  pressure  of  a  layer  of  fungus  cells. 

(90  Spring  Xo.  1.    "From  bottom.*^ 

This  consists  of  a  thin  plate,  showing  three  layers  of  matter.  That  which  consti- 
tutes the  under  surface  is  a  delicate  film  of  minute  sulphur  granules,  pitted  and  pin- 
holed  as  in  the  last  specimen.  The  middle  layer,  one  line  in  thickness,  consists  of  the 
dark-brownish  folia  of  (f) ;  while  covering  the  surface  is  a  hard,  irregular  incrosta- 
tion  var^in^  in  color  from  white  through  shades  of  rose  to  scarlet.  The  last  is  min- 
eral matter  imbedding  membranous  shreds,  which  gives  it  its  color.  The  membrane  U 
homogeneous  and  very  delicate ;  no  treatment  resolved  it  into  its  structural  elements. 
The  mineral  is  99  per  cent,  calcium  carbonate,  with  traces  of  calcium  sulphate,  mag- 
nesium, and  the  organic  matter. .  The  puritv  of  the  carbonate  and  its  relation  to  the 
rose-red  membrane  are  suggestive  of  a  vital  connection  between  them.  1 

(h,)  "From  bottom  qf  spring  Xo,  1."  I 

A  foliated  mass  like  (/),  but  with  less  of  brown  and  more  of  green  in  its  coloring,      I 
with  some  grains  of  sulphur  adhering  to  its  under  surface,  and  some  nodules  of      1 
salcium  carbonate  inlaid  on  its  upper,  apparently  by  the  same  agency  as  in  the  last 
specimen. 

(i.)  "From  bottom  deposits  of  spring  Xo,  1." 

Similar  to  the  last,  but  with  many  more  pits  on  its  under  surface  from  confined  gas 
bubbles. 

(J.)  "Five  specimens  from  spnng  Xo.  2." 

These  are  all  crystalline  forms  of  calcium  sulphate,  three  having  large  interspicn- 
lar  spaces,  while  the  two  other  specimens  are  more  compact.  One  has  a  vein  of  liTely 
green  running  through  it,  which,  on  microscopical  examination,  presents  the  charac- 
ters of  the  organic  matter  occurring  in  mass  foliaoeous  specimens. 

(k.)  "Spring  Xo.  5." 

A  block  3  inches  thick,  consisting  of  two  layers,  the  superficial,  constituting  two- 
thirds  of  the  thickness,  being  cancellated  calcium  sulphate,  and  the  other  dark  col- 
ored calciuu}  carbonate,  with  traces  of  iron,  aluminum,  and  silicates. 
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(I)  ''SpnngXp.b:' 

A  large  mass^  10  inches  long,  4  inches  deep,  and  2  inches  thick,  consisting  on  its  outer 
or  earthward  surface  of  calcinui  carbonate,  ash-gray  in  color,  mottled  with  dark  shades, 
bnt  principally  of  calclam  sulphate,  solid  in  its  deeper  laj-e^  and  specular  towards  its 
superficies,  where  it  has  become  white  and  opaque,  partly  from  loss  of  water  and  iu 
part  from  sodium  efflorescence.  A  greenish  tinge,  faint  in  some  of  its  streaks  bnt  rich 
and  vivid  in  others,  permeates  the  interspicular  passages.  The  coloration  is  caused 
by  the  presence  of  a  vegetable  fungus,  minute  rounded  cells,  like  those  of  the  yeast- 
plant,  and  of  the  same  size.  As  the  green  tinge  is  frequently  continuous  with  or  fosC 
in  the  darker  stains  of  the  deeper  layer,  it  is  probable  that  the  carbonaceous  remains 
of  previous  generations  of  the  fungus  contribute  to  the  darkening. 

In  view  of  the  similarity  in  the  appearance  of  these  green  stains  to  those  described 
as  occurring  in  the  crusts  of  (e),  and  the  similarity  iu  the  microscopic  appearances  of 
the  latter  to  those  of  the  *'  pulpy,  liver-like  matter  '^  of  the  dried  specimens  (/,  g,  A, 
and  i)y  it  is  not  unlikely  that  this  fungus  forms  the  essential  of  these  various  deposits. 

(m.)  "  Spring  Xo.  7." 

A  cake  eight  inches  square  by  one  inch  thick  of  porous  material  having  a  rose-red 
color.  The  mineral  matter  is  arranged  in  small  branching  modulated  columns,  none 
larger  than  one  line  in  diameter  and  the  minority  much  smaller.  Their  direction  is  up- 
ward from  the  attached  or  earthy  to  the  free  surface,  but  none  run  through  the  thick- 
ness of  the  cake  unconnected  by  branches,  transverse  bars  or  lamella  with  other  col- 
umns. The  intercolumnar  spaces  are  narrow,  being  usually  no  larger  than  the 
diameter  of  the  columns,  and  their  general  direction  is  upward  through  the  thickness 
of  the  mass.  A  perpendicular  section  shows  a  reticulated  bony  framework  with  the 
meshes  chiefly  longitudinal.  A  horizontal  section  pves  a  series  of  roundish  interstices 
separated  by  bony  columns  and  lamella.  All  the  interstitial  cavities  are  lined  with  a 
delicate  reddish  membrane,  which,  when  in  single  fold,  gives  a  faint  color  to  the 
white  underlying  mineral,  but  where  the  membrane  has  adhered  in  several  thicknesses 
in  drying  the  color  is  correspondingly  deeper.  On  the  surface  the  cake  is  a  layer  of 
organic  material,  scaly  and  brownish,  lignt  and  pulverulent,  which  adheres  to  the 
reddish  membrane  below. 

When  this  layer  is  cautiously  picked  off  the  surface,  apertures  leading  into  the  in- 
tercolumnar space  are  exposed. 

The  following  is  the  chemical  constitution  of  the  mass : 

Calcium  carbonate - 964 

Organic  matter 0*22 

Silica 004 

Sodium,  salts,  «tc 010 

1.000 

The  specimen  is  hard  and  comparatively  difficult  to  pulverize. 

The  red  membrane  is  granular,  and  the  carbonate  is  deposited  on  its  surface  in 
roundish  or  oblong  granules. 

No  reagents  develop  the  structural  elementa  of  the  membrane. 

The  dried  organic  debris  on  the  surface  of  the  specimen  gives  no  information  under 
the  microscope.  A  large  number  of  diatoms  are  entangled  In  it.  The  general  appear- 
ance of  this  specimen,  the  relation  which  its  organic  bears  to  the  inorganic  portion, 
and  the  purity  of  the  carbonate  would  seem  to  indicate  that  there  is  some  coral  secret- 
ing polyp  under  examination  rather  than  a  deposition  or  crystallisation  by  inorganic 
forces  from  the  waters  of  the  spring. 

The  investigation  of  this  specimen  throws  more  light  on  the  superficial  incrustation 
seen  in  (g). 
(«.)  *' Spring  Xo,  7:^ 

Ten  specimens  smaller  in  size  but  similar  in  other  respects  to  the  last. 

In  one  of  the  pieces  a  plate  of  calcium  carbonate  surmounts  the  columnar  growth. 
It  is  dense  and  bard  but  thin  as  a  sheet  of  writing  paper.  On  its  surface  are  built  up 
alternate  layers  of  columnar  and  plate  work,  half  a  dozen  such  layers  in  the  thickness 
« of  half  an  inch,  suggesting  that  the  polyp  or  secreting  organism,  nullipore,  perhaps,  on 
reaching  the  surface  of  the  water  by  upward  columnar  growth,  deposited  its  calcareous 
secretions  in  the  form  of  a  plate  level  with  the  surface  of  the  water  and  extended  by 
circumferential  accretions ;  a  rise  in  the  water  level  submerging  this  plate  gave  oppor- 
tunity for  an  upward  columnar  development  when  the  water  was  again  reached  and 
another  plate  formed. 

(o.)  **Spring  Xo,  10,  one  of  the  ottilets  of  spring  Xo,  1." 

A  fine  satiny  powder  of  pale  yellow  color,  looking,  but  for  its  color,  like  sulphate  of 
quinine. 

This  is  pure  sulphur,  deposited  in  fine  silky  needles  and  fibers.    There  is  no  approach 
in  this  specimen  to  octahedral  crystallization. 
147  E 
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(p.)  ^^From  the  junction  of  waters  of  springs  Xos,  11  and  13;  the  top  of  this  specimen  \ca8 
dark  green^  with  several  bright  crimson  spots  tchen  taken  from  the  water,  soft  and  pulpy. '^ 

This  specimen  is  broken  into  fragments,  none  larger  than  a  pea,  and  consists  of  car- 
bonate and  snipbate  deported  aronnd  varioas  extraneous  matters  as  nnclei,  chiefly 
minute  fragments  of  recent  woody  tissue.  One  tubular  piece,  about  half  an  inch  long 
and  half  a  line  in  diameter  at  its  open  and  wider  end,  is,  from  its  segmentation,  sup- 
posed to  be  tbe  incrusted  abdomen  of  an  insect.  There  are  also  present  some  dark 
green  and  brown  flakes  spotted  witb  crimson.  These  flakes,  although  apparently  like 
the  organic  foliations  already  described,  are  of  a  totally  different  structure.  They 
consist  of  minute  filaments  with  an  infinity  of  bacteroid  rods  floating  among  them  aa 
their  d^ltris.  The  red  spots  are  also  filamentous  webs.  There  is  here  a  low  form  of 
vegetable  life,  but  much  higher  in  the  scale  than  the  cellular  fungus  encountered  here- 
tofore. 

(q.)  ^^ From  junction  of  springs  Xos,  11  and  13;  from  deposits  at  bottom  stalagmites  of 
pulpy  matter  arise^  and  the  top  at  surface  of  water  spreads  into  thin  sheets,  as  per  sample,^'' 

Thi.H  is  a  strong  lamella  of  calcium  carbonate,  thin  as  a  sheet  of  writing  paper,  cir- 
cular in  outline,  and  about  two  and  a  half  inches  in  diameter.  Its  surface  and  mar- 
gins are  marked  with  reddish  membranous  shreds  similar  to  those  seen  in  m  and  n.  It 
no  doubt  represents  the  deposition  of  the  calcareous  secretion  when  the  zoophyte  reaches 
the  surface  of  the  water. 

(r.)  ^^Frorn  bott<ym  of  spring  No,  17." 

A  large  mass  of  semi-translucent  grayish  crystals  which  in  some  parts  of  their  sur- 
face have  lost  water  and  become  opaque  and  friable. 

Anhydrous  calcium  sulphate - 810 

Water 190 


1.000 

(s.)  ^^Dqwsit  at  spring  Xo.  18  and  beyond  for  120  feet" 

This  is  a  dry  dark-brown  or  blackish  cake,  thin,  flat,  and  apparently  bent  on  itself,  so 
that  what  would  have  constituted  one  end  of  the  sample  in  its  natural  condition  is  now 
doubled  up  to  form  the  under  surface.  The  upper  surface  is  smooth  and  unbroken ; 
the  lower  is  made  up  of  a  number  of  their  adhering  bands,  one  or  two  lines  broad,  but 
their  mode  of  connection  with  the  more  compact  layer  above  cannot  be  made  out,  on 
account  of  the  brittleness  of  the  specimen. 

Portions  were  soaked  for  twenty- four  hours  in  water,  hydrochloric  acid,  and  caustic 
alkali,  respectively,  and  were  examined  under  the  microscope,  when  the  bands  were 
found  to  consist  of  brownish  tubules.  The  mass  of  the  specimen  could  be  recognized 
fts  including  three  layers,  the  lowest  being  dull  green  in  color,  the  central  reddish,  and 
the  superficial  bluish  green.  The  first  is  obdcurely  cellular  and  filamentous  in  the 
water-soaked  specimen ;  and  while  the  acid  shows  the  filaments  clearly,  with  many 
bacteroid  rods  among  them  as  their  d^biis,  the  alkali  clears  up  the  iiiterlying  cellular 
structure.  The  central  or  reddish  stratum  is  granular  and  undefined  by  the  acid,  but 
the  potash  resolves  it  into  tiers  of  oblongand  slightly-curved  spores  with  some  minute 
tubules  delicately  and  closely  ringed.  The  bluish-green  stratum  consists  of  miuute 
distinctly  double  outlined  filaments  or  tubules.  A  vast  number  of  diatoms  are  entan- 
gled in  these  tissues. 

(t)  "  Mud  from  the  cold  springs," 

A  dry,  dark-colored,  irregularly-shaped,  clay-like  mass,  with  many  small  fragments 
of  recent  vegetable  matter  embedded  in  it.  No  sulphides  are  present.  The  following 
is  its  constitution : 

Calcium  carbonate 546 

Insoluble  clay  and  sand 250 

Organic  matter 120 

Moisture 058 

Calsium  sulphate 010  ^ 

Magnesium  carbonate 008 

Potassium  sulphate  and  traces  of  chloride 004 

Sulphur 003 

Iron,  &c 001 

1.000 

In  reviewing  these  specimens,  it  is  found  that  they  originate  from  the  water  of  the 
springs  either  in  deposition,  in  crystallization,  or  through  the  instrumentality  of  or- 
ganic life. 

Sulphur  is  the  only  deposit.  It  is  fruitless  in  the  absence  of  data  to  speculate  on 
the  subterranean  reactions  which  result  in  the  impregnation  of  the  uprising  water  with 
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calcium  and  bicarbonate  and  snlphate,  sodinm  8a1phate,and  hydrogen  monosulphide ; 
bat  when  the  current  reaches  an  exit  in  its  rocky  channel  where  the  only  pressure 
to  be  overcome  i*  that  of  the  superincumbent  water  and  atmosphere,  the  chansea 
which  take  place  can  be  appreciated.  The  sulphuretted  gas  escapes,  and  escapes  tne 
more  readily  owin£  to  the  high  temperature  of  its  solvent.  It  rises  in  bubbles  to  the 
surface,  but  as  the  effervescence  is  limited  to  9  few  feet  near  the  center  of  spring  No. 
1,  the  fissure  of  inflow  in  the  bottom  of  the  rocky  basin  is  no  doubt  correspondingly 
limited.  Most  of  the  gas  escapes  into  the  atmosphere,  to  be  diffused  and  decomposed  tiy 
its  oxygen  ;  but  bubbles  form  on  the  surface,  which  are  wafted  to  the  sides,  ana  in  their 
progress  are  first  coated  with  a  film  of  solid  matter— deposited  sulphur  from  the  action 
of  the  air  on  the  contained  gas — and  then  so  heavily  loaded  by  coalescence  and  aggre- 
gation that  they  sink  and  form  a  sulphur  mass,  such  as  is  seen  in  specimen  (h)^  or, 
having  been  s^ept  out  of  the  main  downward  current  of  deposited  sulphur,  they  settle 
on  and  become  embedded  in  the  crystallizations' from  the  water  as  seen  in  (c)  and  (d). 
On  the  surface  of  the  sulphur  a  cellular  fungus  is  developed,  which,  in  the  recent  state, 
is  soft  and  pulpy  in  mass,  but  molecular  in  element,  for,  on  being  stirred,  it  becomes 
diffused  in  the  water,  and  subsequeutiv  settles.  This  organism,  with  its  bright  green 
hues,  masks  the  real  nature  of  the  underlying  deposit ;  the  greater  portion  of  the  sul- 
phur is  necessarily  deposited  near  the  point  of  issue  of  the  water  in  the  great  basin, 
but  as  the  outflow  therefrom  courses  through  its  underground  channels  in  the  calca- 
reous rock,  the  gradually-decomposing  gas,  while  barely  tainting  the  crystallizations, 
throws  down  sulphur  in  places  favorable  for  its  subsidence,  as  is  seen  in  the  crystalline 
needles  and  fibers  from  tne  outlet  marked  as  Spring  No.  10. 

From  the  deposits  it  would  appear  that  there  is  no  communication  with  subterra- 
nean reservoirs  other  than  in  the  bottom  of  the  main  spring,  and  that  consequently 
the  other  springs  are  dependent  upon  it  for  their  water  supply.  Some  of  tjie  constit- 
uents of  the  deposits  are  accidental,  as  the  sodium  sulphate  which  exists  in  all  of  them 
in  small  quantity,  and  is  owing  to  the  evaporation  from  the  specimen  of  adhering  water 
which  contained  it.  Again,  in  the  specimen  (•)  the  iucrusted  lime  salts  are  undoubt- 
edly owing  not  to  crystallization  but  to  soakage  and  subsequent  evaporation.  The  free 
acid  in  (h)  is  due  to  oxidation  changes  in  the  specimen  occurring  since  its  removal 
from  the  water. 

While  sulphur  is  the  only  deposit  and  is  concentrated  in  the  neighborhood  of  the 
primary  subterranean  outlet,  calcium  sulphate  is  the  only  crystallization,  and  is  dis- 
tributed along  the  whole  course  of  the  waters,  for  it  is  found  in  as  perfect  crystals  in 
spring  No.  17  as  in  No.  1.  Its  best  specimens  are  from  the  holes  or  basius  which  afford 
favorable  conditions  for  its  gjrowth.  This  crystalline  lining  of  the  water  reservoirs  and 
courses  is  in  none  of  the  s;>ecimen8  more  than  two  inches  thick,  and  is  f  uAed  on  its  outer 
or  earthward  surface  with  calcium  carbonate,  showing  either  that  it  is  very  slow  in  its 
formation  or  that  the  springs  and  channels  are  of  recent  date.  The  latter  supposition 
is  excluded  by  facts  which  will  be  mentioned  hereafter.  But  as  the  water  contains 
such  a  small  quantity  of  calcium  sulphate,  one  part  in  six  thousand,  while  the  snhiUil- 
ity  of  the  salt  is  put  as  high  as  one  to  a  few  hundreds,  the  occurrence  of  selenitic  crys- 
tallizations from  such  a  water  becomes  a  matter  for  investigation.  It  seemed  proba- 
ble that  some  of  the  other  constituents  exercised  a  precipitating  influence,  yet  certainly 
not  the  sodinm  salt,  as  it  is  well  known  to  increase  the  solubility  of  calcium  sulphate. 
To  throw  some  light  on  the  subject,  sodiumsnlphate  was  added  to  a  solution  of  calcium 
bicarbonate  and  to  another  of  calcium  sulphate,  but  in  neither  with  any  apparnut  re- 
sult. A  mixed  solution  of  the  two  calcium  salts  was  then  treated  with  pure  sodium 
sulphate,  and  at  the  end  of  twelve  hours  crystallization  was  seen  taking  place  at  the 
bottom  of  the  containingVessel,  and  depending  from  the  surface  of  the  liquid  adher- 
ing probably  to  floating ^bers  from  the  paper  through  which  the  solution  hail  been 
filtered  prior  to  use.  At  the  end  of  twenty-four  hours  the  crystals,  having  increased 
in  size  and  number,  were  removed.  They  showed  under  the  microscope  as  transparent 
rhombic  plates  and  oblique  elongated  prisms,  such  as  by  aggregation  constitute  the 
mass  of  the  selenitic  crystallizations  from  the  springs.  The  transparent  crystals  wers 
diflScultly  soluble  in  water  acidulated  with  hydrochloric  acid,  even  when  boiled  there- 
with. On  examination  the  calcium  of  the  original  solution  was  now  found  to  bs  defi- 
cient in  the  mother-liquor,  and  markedly  present  in  the  solution  of  the  crystals,  in 
which  sulphuric  acid  was  strongly  indicated.  Calcium  sulphate  was  therefore  inferred 
to  have  crystallized  ont  of  a  solution  containing  in  addition  to  itself  calcium  bicarbo- 
nate and  sodinm  sulphate.  Having  approximated  the  conditions  under  which  the 
crystallization  took  place,  a  further  experiment  was  made  to  determine  at  the  expense 
of  which  salt  the  calcium  was  thrown  out.  Distilled  water  acidulated  with  sulphurio 
acid  was  digested  with  an  excess  of  calcium  carbonate.  Calcium  sulphate  was  lormed 
under  circumstances  favorable  for  its  solution,  and  bicarbonate  was  dissolved  by  the 
permeation  of  the  liouid  with  the  escaping  gas. 

The  solution  was  tiltered  and  90  cubic  centimeters  were  found  to  contain  calcium, 
which  when  thrown  down  as  carbonate  weighed  294  grams,  and  which  when  in  solu- 
tion existed  in  the  proportion  of  .050  grams  carbonate  and  333  grams  sulphate.  Ninety- 
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nine  cubic  centimeters  of  this  solution  were  placed  in  each  of  four  flasks,  a,  b,  c,  and  d^ 
and  to  each  was  added  10  cubic  centimeters  of  a  sodium  sulphate  solution,  containin^^ 
for  o,  300  grains ;  ft,  1X)0  grains  ;  o,  1,?:^00  grains ;  rf,  3,600  grains ;  so  that  each  100  cubic 
centimeters  of  water  contained  the  same  (juantity  of  calcium  as  carbonate  and  sul- 
phate, but  differing  quantities  of  sodium  as  sulphate.  The  flasks  were  corked  to  jire- 
vent  evaporation  and  were  set  aside. .  Crystalline  precipitation  took  place  in  all, 
slowly,  as  in  the  preliminary  experiments.  At  the  end  of  three  days  the  calcium  re- 
maining in  solution  was  estimated  in  a,  ft,  and  d.  One-half  of  c  was  devoted  to  this 
estimation,  while  the  other  half  was  evaporate<l  and  its  concentrated  solution  found 
to  be  free  from  alkaline  carbonate.  The  calcareous  film,  however,  contained  *i5  crams 
of  carbonate  as  it  existed  before  tn?atmcnt  with  the  sodium  sulphate.  The  oaTcinm 
carbonate  was  therefore  inferred  to  have  been  similarly  acted  on  in  the  other  flasks, 
giving  as  cause  for  the  precipitation  the  presence  of  bicarbonate  in  the  solution  and 
not  the  formation  of  sodium  carbonate  by  reaction  between  the  salts,  (a)  gave  .174 
grams  calcium  carbonate,  or  calcinm  sufficient  to  furnish  the  solution  with  its  .050 
grams  of  carbonate  and  with  .169  grams  of  sulphate,  giving  .164  grams  as  the  quantity 
crystallized ;  (ft)  gave  .101  grams  of  carbonate,  or  the  equivalent  of  .050  grams  carbon- 
ate and  .070  grams  sulphate,  .263  grams  of  the  latter  salt  having  crystallized ;  (o)  gave 
the  .050  grams  carbonate,  with  .071  sulphate,  .262  grams  of  the  sulphate  having  been 
precipitated ;  ((?)  gave  the  carbonate  with  .096  grams  of  the  sulphate,  indicating  a  pre- 
cipitation of  .235  grams.  The  maximum  of  effect  was  obtained  in  (ft),  an  excess  of 
sodium  sulphate  exercising  a  solvent  action  on  the  crystals. 

The  deposits  which  result  from  the  development  of  organic  life  differ  in  different 
parts  of  the  water-course. 

In  the  main  spring  and  its  direct  effluents  is  found  one  of  the  lowest  forms  of  vege- 
tatioU)  a  microscopic  fungus  developing  into  pulpy  layers,  several  inches  in  thicknees, 
in  situations  where  there  is  the  necessary  quiet  for  favoring  its  growth,  as  in  (/),  (p), 
(h)f  and  (i),  and  permeating  the  crystalline  lining  of  the  basins  with  its  lively  green 
stains,  as  in  (c),  (J),  and  (/).  In  the  main  spring  there  also  appears,  as  in  {g),  a  poly- 
poid secretion  of  calcium  carbonate,  which  meets  with  more  congenial  conditions  in 
spring  No.  7,  (m)  and  (n),  along  the  channel  formed  by  the  junction  of  11  and  13  (</). 
It  is  probable  that  this  growth  is  more  active  as  an  agent  for  obliterating  existing 
channels  than  the  sulphate  crystallization.  Spring  No.  8,  which  was  open  in  August, 
1877,  having  been  found  closed  in  December,  1878,  "  a  dampness  on  the  surface  and 
the  distinctive  red  character  "  alone  marking  the  site  of  the  former  cavity.  There  are 
no  phosphates  in  this  coraloid  carbonate.  In  the  channel  of  Junction  of  11  and  13 
is  found  a  low  form  of  water  plant,  coating  the  surface  of  the  mineral  deposit  with 
green  and  crimson,  as  the  lichen  incrusts  the  rock  ;  and  in  the  channel  of  18  and  19  is 
a  higher  grade  of  vegetable  life,  forming  the  black  deposit  described  by  Mr.  McCaule j. 

It  is  manifest  that  temperature,  constituting,  as  it  were,  the  clim'ate  of  the  springs^ 
has  more  to  do  with  these  developn^nts  than  the  chemical  constitution  of  the  wat«r. 
In  the  hotter  of  the  springs,  those  with  a  temperature  from  141^  to  127^^  Fah.,  the 
cellular  fungus  flourishes,  with  but  little  incroachment  on  its  territory  by  the  red- 
membraned  zoophyte  or  nullipore.  Where  the  wat-er  has  a  temperature  ranging  from 
127*^  to  101*^  Fah.,  the  zoophyte  finds  its  favorable  conditions.  Noe.  7, 12, 16,  and  17. 
where  the  coralloid  secretions  are  most  marked,  have  temperatures,  respectively,  of 
lOP,  102J^,  107^,  and  110^  Fah.  In  the  outflow  of  the  springs  on  the  southern  slope, 
'with  a  hif^h  temperature,  the  lower  algfe  are  predominant,  and  in  18  and  19,  with  the 
comparatively  low  temperature  of  99^  Fah.,  decreased  still  more  in  outflow  channel, 
is  found  the  higher  form  of  this  aquatic  vegetation.  The  mud  of  the  cold  springs 
differs  from  the  hot- water  deposits  in  being  a  true  deposition  of  suspended  rock  detritus. 
In  their  waters  the  lowered  temperature  accounts  for  the  absence  of  the  organic  devel- 
opments which  characterize  those  of  the  hot  springs,  but  the  absence  of  a  selenitic 
lining  to  the  basins  is  indicative  of  a  different  constitution  to  the  contained  waters,  or 
at  least  of  such  a  dilution  of  the  sulphated  and  carbonated  waters  as  would  interfere 
with  crystalline  precipitation.  But,  on  the  other  hand,  the  pres<^nce  of  sulphur  in  the 
mud,  the  situation  of  the  basins  in  the  same  cretaceous  rock,  the  mound  or  crat<er-like 
elevation  on  which  they  are  placed,  together  with  the  existence  of  sulphuretted  springs 
on  Ojo  Frio  Creek,  suggest  a  certain  relationship  to  the  Great  Hot  Spring  and  a  more 
active  histciry  in  the  past  than  they  have  in  the  present.  If  these  holes  at  one  time 
contained,  as  seems  probable,  a  water  approximating  in  temperature  and  constitution 
to  that  of  spring  No.  1,  the  change  which  reduced  them  to  their  present  condition 
must  have  been  cataclysmic,  for  had  it  been  gradual  lowering  of  the  temperature  as 
the  connection  with  central  sources  of  supply  was  cut  off,  would  have  given  favorable 
opportunity  for  the  filling  up  of  the  cavities  with  zoophytic  secretions,  and  their  site 
would  now  be  recognizable  only  by  the  distinctive  red  color  of  the  rook,  as  seen  in  the 
recent  closure  of  spring  No.  8.  AtPagosa  it  would  appear,  from  a  consideration  of  the 
water  and  specimens  examined,  that  there  exists  a  ffssure  of  limited  size  in  the  subja- 
cent impermeable  rocks,  through  which  water  wells  from  a  great  depth  into  a  deep 
and  narrow  crater-like  cavity  in  the  superficial  cretaceous  stratum.    The  water  makes 
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it«  exit  from  below  with  insufficient  force  to  cany  it  clear  of  the  rim  of  the  cavity,  so 
that  it  has  to  tind  an  oatflow  through  the  permeable  surface  Lajer  into  the  San  Juan 
<;at  by  channels  which  lie  at  no  ereat  depth,  as  they  are  tapped  in  several  places  by- 
secondary  springs,  and  issue  at  the  present  time  on  a  plane  six  feet  higher  than  the 
surface-water  level.  Beneath  this  water  level  the  cretaceous  rock  is,  of  necessity, 
more  or  less  water-logced,  the  movement  being  percolative  and  nnnoticed  to  the  river 
bottom  farther  down  the  stream,  or  through  water-worn  crevices,  such  as  lead  to  nota- 
ble exits  on  the  Ojo  Frio  Creek.  Some  small  channels  of  this  character  underlie  the 
gravel  "bed  of  the  San  Juan  River,  crossing  it,  and  forming  the  shafts  of  supply  of  the 
cold  springs,  the  water  of  which  has  become  diluted  and  lowered  in  temperature  by 
Surface  admixture. 

The  water  which  rise^  from  the  depths  into  the  basin  of  the  main  spring  is  charged 
with  sulpheretted  ga^,  which  is  immediately  disengaged  into  the  atmosphere,  or  decom- 
posed with  precipitation  of  sulphur  at  the  moment  of  its  contact  with  the  air.  Enough 
of  the  gas,  however,  remains  m  solution  to  carry  by  its  slow  oxidation  the  sulphur 
taint  wherever  the  water  is  distributed.  Its  solids,  amounting  to  about  1  pound  in 
:V')0,  are  essentially  calcium  as  bicarbonate  and  sulphate  and  sodinm  as  snlpnate,  the 
latter  constituting  two-thirds  of  the  total  amount.  A  water  of  this  character  will  de- 
velop stalactites  under  favorable  conditions,  and  will  incrust  foreign  bodies  by  soak- 
age  and  subsequent  evaporations;  but  the  only  change  which  will  occur  in  it  when 
nuindnenced  by  extraneous  forces  is  the  slow  depositions  in  crystalline  form  of  the 
calcium  sulphate.  All  other  deposits  apparent  in  the  water,  which  would  seem  to 
indicate  singnlarity  in  its  constitution,  are  due  not  to  the  presence  of  unusual  mineral 
substances  but  to  organic  developments.  This  report  might  with  propriety  close  here, 
as  the  geologic  history  of  th^  springs  can  readily  be  constructed  from  wnat  has  been  said 
of  their  chemistry  and  topography.  But  as  a  misconception  is  current  with  regard  to 
them,  based  on  their  magnitude  and  singularity  and  on  a  misapprehension  of  the  na^ 
ture  of  their  deposits,  and  besides  as  much  popular  interest  attaches  to  them  in  view 
of  the  probable  standing  which  they  will  hereafter  assume  among  the  invalid  resort 
of  the  country,  a  few  words  explanatory  of  their  relation  to  their  past  and  present 
surroundings  may  not  l^e  out  of  place.  On  account  of  the  rapid  filling  up  of  the 
9wamps  to  the  southward  of  the  main  spring  by  deposition,  incrustation,  and  organic 
secretion,  the  cretaceous  rock  in  which  the  springs  are  situated  has  been  considered  as 
built  up  around  them  by  the  waters.  They  are  supposed  to  have  antedated  the  strat- 
um to  which  they  now  channel  their  way  to  the  surface  water  level.  This  involves 
'the  original  confinement  of  the  upspringing  water  in  a  basin  formed  by  the  surround- 
ing hills,  with  evaporation  from  the  surface  and  deposition  at  the  bottom,  until  the 
«olid  stratum  obtained  a  level  at  least  as  high  as  that  which  it  now  possesses  on  the 
right  bank  of  the  San  Juan  River.  It  further  infers  the  construction,  by  the  same 
agency,  of  the  existing  cavity  of  the  main  spring  prior  to  the  advent  of  the  river  on  the 
surface  of  the  cretaceous  bed.  The  unknown  extent  of  this  calcium  stratum,  lost  as  it 
isulider  superincumbent  layers  on  the  north,  and  undefined  as  its  margins  are  in  all 
directions,  might  be  brought  forward  as  an  objection  to  this  theory  of  its  formation ; 
but  to  controvert  the  hypothesis  requires  only  a  consideration  of  the  existing  basin  of 
spring  No.  1 ;  given  a  flow  of  water,  such  as  is  above  described,  from  the  deeper  layers  . 
of  the  earth's  crust  into  the  bottom  of  an  inclosed  valley,  its  scrface  wonld  rise  and 
spread  until  an  equable  water  level  was  established  by  evaporation.  After  this  was 
accomplished  deposition  of  calcium  salts  wonld  goon,  layering  the  bottom  and  raising 
the  surface  until  the  ris  a  tergo  was  neutralized,  or  until  an  outdow  was  reached  for  the 
DOW  concentrated  saline  waters  in  the  brim  of  the  containing  valley. 

In  the  former  case  consolidation  would  be  eftected  by  evaporation,  but  as  this 
asency  would  be  most  active  at  the  shallowest  part  of  the  basin,  the  deposition  would 
advance  from  the  circumference  to  the  center,  forming  a  saucer-like  calcium  bed 
around  the  infiow,  in  which  the  sodinm  salt  would  concentrate  and  crystallize.  In 
the  latter  event,  inasqinch  as  evaporation  still  continued,  deposition  with  consequent 
elevation  of  the  bottom  would  drain  off  the  water  in  excess  of  its  inflow,  and  so  lessen 
the  size  of  the  saline  lake.  At  the  same  time  erosion,  by  dee|)ening  the  outflow,  wonld 
contribute  to  the  withdrawal  of  the  waters  until  ultimately  the  transformation  of  the 
original  valley  into  a  stratum  of  calcareous  rock  with  a  laffelet  or  pond  overlying 
the  spring  would  be  efl'ected.  If  subsequent  to  this  the  fresh  waters  of  the  San  Juan 
River  appeared  on  the  surface  of  the  calcareous  basin  at  its  upper  end,  their  tendency 
would  necessarily  have  been  towards  the  center  of  the  saucer-like  depression  or  pond 
incorporating  its  upspringing  inflow  as  a  subterranean  tributary,  and  utilizing  its  out- 
let for  their  farther  course.  The  springs  in  our  time  would  thus  well  up  in  the  cur- 
rent of  the  San  Juan  River.  But,  were  the  San  Juan  assumed,  on  account  of  some 
accidental  formation  of  the  ealcareous  surface,  the  record  of  which  is  now  lost,  to  have 
struck  the  outlet  of  the  pcnd  without  breaking  in  upon  it«  cavity,  a  nearer  approach 
to  present  conditions  wonld  result ;  the  river  in  course  of  time,  by  deepening  its  chan- 
nel and  lowering  the  surface  water  level,  wonld  drain  that  portion  of  the  porous  rock 
which  lay  on  a  higher  plane ;  and  when  the  level  fell  lower  than  that  at  which  the 
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waters  of  the  epriug  were  preserved  by  tbeir  ris  a  tergo^  the  saline  pond»  instead  of 
overflowing  and  seeking  the  river  by  its  surface  channel,  would  penetrate  the  sides  of 
its  basin  and  reach  its  destination  by  undergroond  filtration.  Bat  in  this  event, 
although  the  spring  would  be  preserved,  isolated  from  the  river,  its  site  would  be  » 
deprei'sion  on  the  cretaceous  surface  instead  of  the  existing  prominence.  In  short,  by 
no  assumption  can  the  mound  and  crater-like  rim  of  the  great  basin  be  made  to  ac- 
commodate themselves  to  a  theory  of  deposition  from  the  waters  now  therein  con- 
fined.   This  fact'is  even  more  patent  in  the  case  of  the  Cold  Springs. 

That  the  same  forces  which  constructed  the  great  basin  were  concerned  ih  their 
formation  will  readily  be  conceded ;  but  on  the  low  mound  at  this  point  there  are  three 
cavities,  and  it  is  impossible  to  conceive  the  construction  of  their  common  elevation 
and  the  partitions  between  them  by  any  process  of  deposition. 

The  force  which  caused  the  elevatioti  and  gave  the  crater- like  rim  to  the  great  ba- 
sin must  have  been  one  which  acted  from  below.  The  cretaceous  rock  must  "have 
existed  notpuly  previous  to  the  advent  of  the  San  Juan  River,  but  previous  to  the 
irruption  of  the  sulphuretted  waters  from  the  underlying  strata — is  surface-level  as 
when  first  deposited  by  the  carbonated  waters  of  a  previous  era.  On  this  assumption 
the  hibtory  which  led  to  the  present  status  of  the  springs  can  be  read  so  plainly  as  to 
warrant  tne  acceptance  of  the  assumption  as  a  demonstrated  fact. 

Granting,  then,  its  pre-existence  at  this  part  of  the  San  Juan  Valley,  the  next  step 
18  the  breaking  down  of  a  subjacent  barrier  and  the  entry  of  the  subterranean  waters 
into  the  porous  stratum,  under  a  pressure  from  below  wnich  suffices  to  water-log  the 
whole  thickness  of  the  stratum.  The  water,  by  its  charge  of  free  carbonic  acid,  is  en- 
abled to  attack  the  rock  and  channel  an  upward  course 'toward  the  superficial  crust.  ' 
The  action  is  most  vigorous  in*the  line  of  the  upward  cnrrrent,  and  a  cavity  is  here 
formed.  Cavities  are  also  excavated  at  weak  points  in  the  neighborhood,  all  of  them, 
Jiowever,  being  situated  near  to  the  surface  of  the  rock,  as  here  the  disengaged  gas 
accumulates  and  is  most  efficient  as  a  solvent  of  the  chalk.  Thus  a  water-pocket  is 
foimed  over  the  issue-point  of  the  spring,  from  which  channels  radiate  leading  to 
others,  notably  to  three  about  a  half  a  mile  south  of  the  main  pocket  the  cavities  en- 
large ;  the  steady  pressure  of  the  confined  gases  upheaves  the  thin  layer  of  crust  which 
covers  them,  until  a  break  occurs,  when  the  rush  of  escaping  gas  caves  in  the  roof  and 
the  springs  are  formed. 

The  surface  of  the  plain  has  been  altered  by  this  event.  At  the  main  spring,  where 
the  maximum  of  force  was  exerted,  is  found  an  abrupt  mound  or  mammiform  eleva- 
tion, with  a  break  in  the  continuity  of  its  rounded  apex,  crater-like  in  appearance* 
wherein  are  exposed  the  bubbling  waters.  In  addition  to  the  mound  there  is  a  slight 
upward  dislocation  of  the  stratum,  which  gives  the  surface  a  correspondingly  slight 
fall  in  all  directions  from  the  center  of  eruptions  until  it  is  lost  in  the  general  level  of 
the  nna£fected  part  of  the  plain  at  a.  distance  of  two  or  three  hundred  yaids  from  the 
crater. 

At  the  now  cold  springs,  which  are  situated  near  where  the  calcareous  stratufti  is 
overlaid,  less  favorable  conditions  for  dislocation  are  found ;  and  besides,  on  account 
of  their  distance  from  the  main  issue,  the  irruptlve  force  has  been  less  powerful. 

It  is  unlikely  that  overflow  followed  the  opening  of  the  springs,  for  the  escape  of 
their  waters  would  have  repaired  the  inequality  of  level  by  calcareoi^s  deposition, 
and  the  San  Juan  would  not  now  occupy  its  present  bed.  It  is  to  be  supposed,  there- 
fore, that  however  active  the  gaseous  disengagement  the  water  movement  was  slug- 
gish, being  solely  by  percolation  through  the  porous  rock  to  a  surface  overflow,  perhaps 
where  the  Oio  Frio  now  runs,  or  perhaps  beyond  this  at  a  site  long  since  obliterated 
by  the  establishment  of  more  direct  channels.  At  this  time  a  lime  sulphate  lining  to 
the  cavities,  fissures  of  upheaval,  and  channels  of  dissection  was  being  crystallized, 
strengthening  the  walls  of  the  water-courses  and  preserving  the  rock  from  disintegra- 
tion. The  line  of  least  resistance  in  the  cretaceous  bed  must  have  run  from  north  to 
south,  as  not  only  does  the  long  diameter  of  the  main  cavity  li^  in  this  direction,  but 
also  the  principal  fissures  of  upheavaL  They  extended  on  the  north  as  far  at  least  as 
the  present  river-bed  and  on  the  south  to  the  Cold  Springs.  On  the  northward  exten- 
sion the  formation  of  secondary  springs  was  aided  by  the  erosive  action  of  rain  to 
which  its  elevation  u&w  exposed  the  surface.  Whether  such  were  formed  on  the 
southward  extension  is  unknown,  as  the  record  is  obliterated. 

The  San  Juan  River,  on  its  appearance  on  the  scene,  followed  the  curved  line  of  low 
level  around  nearly  three  sides  of  the  eruptive  mound,  forming  its  horseshoe  bend.  As 
the  bottom  deepened  the  northern  extensions  from  the  spring  were  cut,  and  those 
Issues  permitted  to  the  water  which  now  constitute  springs  Nos.  9  and  10.  These  un- 
derground channels,  lined  with  solid  calcium  sulphate,  pre-existed  and  were  laid  open 
by  the  erosion  of  the  river.  Had  they  been  formed  by  percolation  after  the  San  Juan 
cut  was  established  they  would  haVe  opened  nearer  the  present  surface-level.  Since 
that  time  they  have  continued  to  flow  as  they  now  do,  being  prevented  from  sinking 
by  the  crystalline  lining  and  organic  deposits  and  from  being  occluded  by  zoophytie 
growth,  the  only  actively  constructive  agent  in  these  waters,  by  the  high  temperature 
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which  reenlts  from  their  direct  commanicatioiiB  with  the  mtdn  spring.  The  selehite 
lining  thns  antedates  the  period  when  the  river-bottom  was  6  feet  higher  than  is  the 
present  surface.  As  the  river  turned  the  southern  aspect  of  the  mound,  the  southward 
extension  of  the  upheaval  fissures  which  supplied  the  springs  on  the  opposite  bank 
were  broken  into  and  those  openings  weie  reduced  to  their  present  status.  But  here, 
probably  on  account  of  thiunens  of  the  superficial  crust  and  somewhat  of  parallelism 
in  the  lines  of  direction  of  the  fissures  and  river- current,  the  San  Juan  api)ears  to  have 
efiected  more  surface  erobion  than  on  the  northern  aspect  of  the  mound.  There  has 
been  here  inundation  until  the  deepening  river-channel  withdrew  the  waters,  leaving 
the  edge  of  the  i-alcareous  plain  much  lower  than  on  the  north,  and  a  pond  instead  of 
previous  subterranean  cavities  between  its  bed  and  the  main  spring.  The  pond,  fed 
by  the  cut  end  of  former  underground  channels,  now  the  springs  on  the  soutneru 
slope,  became  subsequently  filled  up  by  evaporative  deposition  to  its  present  condition 
of  swamp. 

Corresponding  with  the  deepening  of  the  San  Juan  River  channel  must  have  occurred, 
by  subsoil  movement  to  the  surface  water  level,  a  fall  in  the  waters  of  the  main  spring, 
subsidiary  openings,  and  its  connecting  cavities :  the  last  condition  yielding  at  the 
present  day  the  hollow  sound  when  the  surface  is  neavily  trod  upon ;  at  the  same  time 
certain  high-planed  etflnents  of  the  main  spring  have  been  gradually  deprived  of  their 
water  supply,  causing  slowness  of  current  and  lowering  of  temperature.  TUe  former 
result  permitted  the  formation  of  stalactical  masses  under  the  overhanging  edges  of 
the  river  cut;  and  the^latter  afforded  the  needful  climate  for  the  rapid  development 
of  the  polyps,  which  have  ultimately  obliterated  these  channels  and  the  pockets  con- 
nected therewith,  leaving  a  record  of  their  existence  as  coralline  rock.  The  porosity  of 
the  calcaneus  stratum  necessarily  implies  this  variation  in  the  level  of  the  spring 
corresponding  with  the  fall  in  the  river  surface,  and  those  who  hold  that  the  spring 
level  is  higher  during  the  month  of  June,  when  the  surface  water  level  is  raised  by 
snow  melting,  have  no  doubt  made  accurate  observations. 

Ch.  Smart, 
Captain  ami  Annhtaut  Surgtotiy  l\  S.  A, 

Fort  Preble,  Portland,  Mt.,  Junt  9,  1879. 


RR  2. 

ANNUAL  REPORT  OF  LIEUTENANT  C.  A.  STED'MAN,  ACTING 
ENGINEER  OFFICER,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30, 1879. 

explorations  and  surveys  in  the  district  of  new  mexico. 

Headquarters  Department  of  the  Missouri, 
Office  of  the  Chief  Engineer, 
Fort  LewiSj  Colorado^  July  14, 1879. 
Sir  :  Since  forwarding  my  annual  report  I  have  received  a  report 
from  Lieat.  C.  A.  Stedman,  Ninth  Cavalry,  acting  engineer  officer  Dis- 
trict of  New  Mexico,  of  the  operations  of  his  office  during  the  past  year, 
and  I  inclose  herewith  the  greater  part  thereof  and  request  that  it  be 
annexed  to  my  prior  report. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

E.  H.  RUFFNER, 
First  Lieutenant  of  Engineers. 
The  Chief  of  Engineers, 

United  States  Army. 


Headquarters  District  of  New  Mexico, 

Office  of  the  Acting  Engineer  Officer, 

Santti  F4,  X.  Mex.,  July  2,  1879. 
Sir  :  I  have  the  honor  to  forward  herewith  tables  exbibitioK  the  work  in  which  this 
office  has  been  engaged  during  the  fiscal  year  ending  June  30, 1679.    It  will  be  seen 
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in  Table  A  that,  besides  the  usual  clerical  work  of  the  oflSce,  twenty-eight  drawings  and 
twenty -four  tracings  have  been  made.  Twenty-one  of  the  drawings,  on  a  scale  of  I 
inch  to  4  four  feet,  were  "elevations  of  the  buildings  at  Fort  Marcy."  There  being 
no  reliable  data  concerning  their  dimensions  at  this  office,  it  was  necessary  to  take  all 
the  measurements.  Reports  of  scouts,  amounting  to  9,3^^6  miles,  have  been  received 
and  acted  upon  by  this  office,  as  shown  in  Table  B,  inclosed. 

Although  the  work  performed  by  the  troops  is  extensive,  it  is  to  be  regretted  that 
the  notes  taken  were  not  more  satisfactory ;  but  it  is  supposed  that  the  nature  of  the 
dutv  connected  with  the  principal  number  of  scouts  prevented  a  strict  compliance 
with  existing  orders. 

Sergeant  Maier,  Company  D,  Battalion  of  Engineers,  was  discharged  May  7, 1879, 
whereby  the  strength  of  the  engineer  detachment  in  this  district  was  exhausted. 

Besides  the  work  above  quoted,  I  have  been  engaged  for  a  month  and  a  half  in  the 
survey  of  a  military  reservation  for  a  new  post  near  El  Paso,  Texas. 

One  hundred  and  twenty  maps  have  been  issued  and  much  information  has  been 
furnished  to  travelers.  In  addition  I  inclose  copies  of  two  reports  of  1877,  the  origi- 
nals of  which  were  forwarded  to  the  acting  assistant  adjutant-general  District  of  New 
Mexico,  where  it  appears  they  were  retained. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

C.  A.  Stedman, 
First  Lieutenant  Xinth  Cavalry , 
Jcling  Emjiiicer  Officer  District  of  Xck  Mexico, 

The  Chief  Engineer  Officer, 

*  Department  of  the  Missouri . 
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RECONNAISSANCE  FROM  SANTA  FE  TO  FORT  STANTON,  N.  M.,  BY  LIEITT.  C. 
A.  STEDMAN,  ACTING  ENGINEER  OFFICER,  DISTRICT  OF  NEW  MEXICO. 

Headquarters  District  of  New  ^Iexico, 
Office  OF  the  Acting  Engineer  OFFicEit, 

Santa  fV,  Xetc  Mexico,  August  11,  ItfTT. 

Sir  :  In  compHaDce  wi^h  letter  of  instructions  from  your  ofiQce  under  date  of  May 
11,  1877, 1  have  the  honor  to  render  the  following  report  of  the  route  from  Santa  Ft. 
New  Mexico,  to  Fort  Stanton,  via  Dow's  Agency,  at  the  Gallinas  Mountains. 

Pursuant  to  paragraph  two,  S.  O.  No.  3G,  current  series,  Headquarters  District  New 
Mexico,  I  left  Santa  F^  on  May  19,  accompanied  by  Private  E.  H.  Wilton,  genertl 
service  clerk,  of  my  office,  for  Galisteo,  New  Mexico,  en  route  to  Fort  Stanton,  New 
Mexico. 

Galisteo,  a  Mexican  town  of  about  four  hundred  and  fifty  inhabitants,  situated  on 
the  right  bank  of  the  Galisteo  Creek,  22.0^^  miles  due  south  of  Santa  F^,  is  the  first 
settlement  en  route  to  Fort  Stanton. 

The  road  between  the  two  towns,  an  excellent  mountain  one,  passes  over  tb«  foot- 
hills of  the  Santa  Fh  Mountains,  through  a  country  covered  with  scrub  cedar,  pinoa, 
and  good  grass,  and  having  a  fapid  descent  toward  the  valley  of  the  Galisteo. 

The  forage  acency  at  Galisteo,  kept  by  a  Mr.  Davis,  was  found  to  afford  good  ac- 
commodations for  officers  and  men,  safe  corral  for  a  large  number  of  animals,  bat  da 
stable  for  shelter.  Forage,  long  and  short,  was  of  good  quality.  Owing  to  the  namer- 
ous  herds  of  cattle  and  sheep  of  the  inhabitants  of  the  town  the  grazing  in  its  vicinitj 
for  2  miles  was  poor. 

Leaving  Galisteo  May  20, 1  proceeded  to  McAfee's  ranch  at  Antelope  Spring,  situated 
40.88  miles  west  of  south  from  Galisteo,  over  a  tine  natural  road  passing  over  a  rolling 

Srairie  country,  sloping  toward  the  south,  and  which  may  be  considered  as  the  vallef 
etween  the  mountain  ranges  forming  part  of  the  eastern  shed  of  the  Rio  Grande  Val- 
ley on  the  west,  and  the  western  shed  of  the  Pecos  Valley  on  the  east. 

Grass  of  an  excellent  quality  (crow-foot  or  white  grama)  is  abundant  almost  tbe 
entire  route ;  but  the  country  is  entirely  destitute  of  wood,  and  almost  of  water. 

Twenty-six  miles  from  Galisteo  is  Stinking  Hole,  the  only  intermediate  point  on  the 
road  where  water  can  be  obtained.  It  is  situated  about  midway  of  a  belt,  some  three 
miles  wide,  of  alkali  country.  Two  small  holes  containing  water  of  bad  quality  wen 
found  here.  I  was  subsequently  informed  that  this  water  was  permanent,  and  jndghif 
from  the  shallow  holes  and  the  evident  feeble  attempts  to  obtain  good  wells,  I  am  d 
the  opinion  that  water  in  abundance  and  of  fair  quality  could  be  procured  by  sixikini; 
deep  wells. 

As  the  water  holes  now  are,  sufficient  water  for  a  command  of  the  size  of  a  troop  of 
cavalry  could  not  be  obtained. 

The  country  from  Stinking  Hole  to  Antelope  Spring  is  a  continuation  of  rollinf 
prairie  country,  with  fine  grass  and  entirely  destitute  or  wood. 

McAfee's  ranch  is  in  a  bare  open  country,  close  by  the  spring,  (Antelope,)  wbich  is 
about  6  feet  in  diameter,  flows  copiously,  and  supplies  a  great  quantity  of  hard  water 
of  good  qualityt  sufficient  for  a  large  command  and  many  animals. 

Tne  grazing  in  the  vicinity  of  McAfee's  was  poor,  the  grass  having  been  eaten  ofi 
by  catUe. 

The  country  is  entirely  destitute  of  wood.  The  people  of  the  ranch  have  to  go  some 
15  miles  for  their  wood. 

The  accommodations  at  McAfee's  forage  agency  were  very  inferior  both  for  man  and 
beast. 

Leaving  Antelope  Spring  on  the  morning  of  May  21, 1  proceeded  to  Dow's  agency, 
at  the  Gallinas  Mountains  via  Dow's  new  road. 

At  Antelope  Spring  no  guide  could  be  procured  to  accompany  me,  and  I  was  obliged 
to  proceed,  having  obtained  all  the  information  that  could  be  derived  from  Mr.  MciJee 
concerning  the  route  and  country. 

From  this  point  my  letter  of  instructions  required  that  odometer  measurement  should 
be  taken  via  Dow's  new  road  to  Jicarrilla  station.  In  making  these  measarementi 
two  odometers  were  used,  from  which  a  mean  measurement  was  taken  as  the  true  one. 

Antelope  Spring  is  situated  on  the  northern  limit  of  an  extensive  basin  of  alkali 
country  containing  many  alkali  and  salt  lakes. 

The  route  traversed  leaves  Antelope  Spring  over  the  Stanton  and  Antelope  Spring 
road  via  Las  Animas  and  Las  Posos  Pinosos,  extending  in  a  southeastern  direction 
for  18.86  miles,  when  it  branches  ofi  more  to  the  south,  leaving  the  old  road  to  tke 
left. 

That  part  of  the  old  road  which  is  traveled  passes  over  an  alkali  flat  thickly  cov- 
ered with  sa^e  brush  for  11  miles  as  far  as  the  salt  lakes ;  it  then  meanders  through  tlie 
salt  lakes  (nine  in  number)  for  about  7  miles,  and  which  is  by  far  the  worst  part  cl 
the  road  between  Antelope  Spring  and  Dotv's  agency,  being  very  hilly,  and  the  soil  of 
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snch  a  nature  as  to  be  very  dusty  and  sandy  in  very  dry  weather,  and  slippery  and 
heavy  in.  wet  seasons. 

Dow's  road  leaves  the  old  road  U  miles  after  passing  the  last  salt  lake,  and  passe» 
in  asonth'Sonth  easterly  direction  over  a  rolliug,  open,  and  goml  grass  country,  grade 
of  road  slightly  ascending  and  soil  good  for  roadway  for  about  7-^  miles,  Vben  it 
passes  over  a  low  ridge  to  nigh  rolling  prairie  of  sandy  soil.  From  this  point  for  7^ 
miles  the  road  is  of  heavy  sand. 

The  grazing  here  becomes  poor,  and  continues  so  till  within  about  three  miles  of 
Dow's  agency — chat  is,  the  grazing  on  about  Ifi^  miles  of  Dow's  road  is  poor. 

The  road  passes  over  the  high  rolling  prairie  above  referred  to  fur  4  43  miles,  when  it 
begins  to  descend,  and  passes  over  an  open  country  for  5}  miles.  The  a8i>ect  of  the 
country  here  changes  and  cedar  brushes  abound,  and  one  mile  and  one- third  further  on 
low  timber.  The  country  again  becomes  open  and  level  prairie  for  about  a  mile,  when 
it  again  changes  and  the  road  passes  through  cedar  of  stunted  growth  and  pinion,  be- 
C4^meB  free  from  sand,  and  taps  one-half  mile  from  Dow's  agency  an  old  road  which 
runs  between  the  latter  place  and  Alkali  Holes. 

I  arrived  at  Dow's  agency  at  4.05  p.  m.,  having  left  Antelope  Spring  6  a.  m.,  and  found 
that  the  ranch  consisted  of  a  small  log  shanty  of  one  room  onlv,  no  corral  for  protec- 
tion of  animals,  and  that  the  spring  (Galhnas)  was  one  and  a  half  mile  from  the 
ranch,  np  a  narrow  and  rough  ravine  in  the  mountains,  to  which  the  mules  had  to  be 
driven  to  water.  Grazing  in  the  immediate  vicinity  of  the  ranch  was  fine,  and  the 
country  heavily  wooded. 

In  recapitulation  :  the  road  from  Antelope  Spring  to  Dow's  agency  is  by  odome- 
ter  measurement  44.76  miles ;  l^.nO  miles  of  this  distance  is  over  tne  Antelope  Spring, 
Loa  PoBos  Pinosos,  and  Fort  Stanton  road.  The  entire  route  is  destitute  of  water 
that  can  be  used  for  man  or  beast ;  the  new  portion  of  road  (Dow's  trail)  2.'>.90  milea 
in  length,  passes  over  a  generally  rolling  country,  soil  of  which  is  more  or  lees  sandy» 
and  of  which  7|  miles  is  of  heavy  sand ;  grazing  is  poor  the  greater  part  of  the  way 
{lUi  out  of  *25.90  miles)  and  there  is  no  wood  for  t-he  first  13  miles  after  leaving  the 
salt  lakes.  Dow's  road  is  not  sufficiently  broken  to  make  a  good  one  for  heavily  load- 
ed wagons,  it  being  at  present  merely  a  wagon  trail  sufficiently  plain  to  be  easily  fol- 
lowed. 

I  left  Dow's  a^enc^  on  the  morning  of  the  22d|  and  proceeded  to  Jiccarilla,  or 
Livingston's  station,  in  the  Jiccarilla  Mountains. 

The  road  leaves  Dow's  in  a  southeast  direction  and  passes  over  a  hilly,  mountain- 
ons,  well-wooded,  and  fine  grass  country,  till  it  takes  the  Ant<9lope  Spring,  Los  Poso» 
Pinosos,  and  Fort  Stanton  road  5^  miles  from  Dow*s  agency,  whence  it  continues  on 
that  road  to  Jiccarilla  Station. 

The  bills  are  not  steep,  and  an  excellent  road  could  be  made  on  this  part  of  Dow's 
trail.  From  the  junction  of  the  two  roads  the  route  continues  ascending  through  a 
mountainous  country,  becoming  more  hilly  in  approaching  the  Jiccarilla  Mountains. 
The'  hills,  however,  are  not  steep  and  the  road  is  excellent,  and  is  of  good  grade  through- 
out. 

The  distance  from  Dow's  agency  to  Jiccarilla  station  by  odometer  measurement  ia 
29.18  miles,  five  and  a  half  of  which  are  over  Dow's  trail. 

The  entire  route  is  destitute  of  water.  I  was  informed  by  the  ambulance  driver  that 
abont  10  miles  from  Dow's  and  about  three  and  a  half  to  the  right  and  west  of  road  up 
a  canon  of  the  Gallinas  Mountains  there  is  a  running  spring  of  water.  Ryan,  my  in- 
formant, pointed  out  to  me  the  cafion  where  the  spring  could  be  found,  and  stated  that 
he  had  been  at  the  spring  and  knew  of  its  existence. 

The  Gallinas  and  Jiccarilla  Mountains,  through  which  this  part  of  the  route  passes, 
abound  in  pine  timber  suitable  for  lumber  and  building  purposes. 

Jiccarilla  station  is  situated  in  Jiccarilla  cafion  and  six  and  a  half  miles  from  Jic- 
carilla Spring  on  which  the  station  people  have  to  depend  for  water  in  the  dry  season, 
and  which  they  transport  to  the  ranch. 

Mr.  Livingston,  owner  of  the  ranch,  has  dammed  a  ravine  close  by  the  houre,  by  which 
means  he  can  catch  water  sufficient  for  his  use  at  the  station  and  travel  on  the  road 
during  the  rainy  part  of  the  year.  At  this  station  two  wells  have  been  dug,  one  10& 
and  the  other  35  feet  deep,  but  water  has  not  been  reached  in  either,  and  work  on  them 
has  been  suspended. 

The  Jiocanlla  Spring  discharges  about  two  barrels  per  day  in  onlinary  seasons,  but 
in  very  dry  weather  its  discharge  becomes  reduced  to  twenty-five  gallons. 

Grazing  in  the  immediate  vicinity  of  the  station  is  poor,  but  some  distance  from 
there  among  the  mountains  fine  ^'  mountain  "  or  **  blue  grama'*  can  be  found  in  abun- 
dance. 

The  forage  agency  kept  by  Messrs.  Livingston  &  Winters  affords  good  safe  corral 
and  stable  for  a  small  number  of  animals,  but  no  accommodations  for  officers  or  meq. 
The  station  would  not  be  selected  as  a  safe  camping-place,  as  it  is  in  a  cation  ;  the 
mountains  on  either  side  are  precipitous  and  heavily  timbered  (pine),  affording  excel- 
lent cover  in  the  immediate  vicinity  for  an  enemy ;  the  place  would  be  commanded 
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from  the  HurroundiDg  moantains,  aud  there  are  but  three  roads  over  which  wagoiu 
<:onld  be  taken,  and  which  could  be  easily  obstracted  or  held  by  a  small  force. 

The  drive  made  on  the  23d  of  May  was  from  Jiccarilla  station  to  Fort  Stanton.  The 
route  now  traveled  leaves  the  old  road  via  Jiccarilla  Spring  about  one-qaart«r  of  a 
luile  frobi  the  station,  aud  leaving  it  to  the  right  extends  in  a  southeasterly  directioB 
J^  mile,  when  it  rejoins  the  spring  road. 

The  road  continues  from  Jiccarilla  station  through  a  heavily-timbered  (pine)  sod 
mountainous  country  for  4^  miles  and  ascending;  the  hills  are  of  good  grade,  nowever, 
and  the  roadway  is  excellent.  The  road  there  begins  to  descend,  and  deboaches  into 
the  valley  between  the  Jiccarilla  Mountains  in  the  west  aud  the  Capitan  Moautaios  in 
the  east. 

As  the  road  leaves  the  Jiccarilla  Mountains  the  conn trv  becomes  more  open  and  the 
road  passes  over  a  hilly  and  rolling  country  from  this  to  Fort  Stanton. 

Patos  Spring,  by  odometer  measurement  11.15  miles  from  Jiccarilla  station  aQd2l.l$ 
miles  from  Fort  Stanton,  is  a  small  running  spring  about  '2  feet  deep  and  about :)  fe«l 
Across  either  way,  the  water  of  which  was  very  filthy,  made  so  by  sheep  and  hogs. 
There  are  two  small  shanties  inhabited  by  Mexicans  close  by  the  spring. 

The  country  throughout  from  Patos  Spring  to  Fort  Stanton  is  a  fair  grazing  and 
sparsely -wooded  country,  but  entirely  destitute  of  water  on  the  roads  as  far  an  the  Bio 
Bon i to,  about  two  miles  from  Fort  Stanton. 

Resume  of  route  from  Santa  F6  to  Fort  Stanton,  N.  Mex.,  via  Bow's  trail.  Froa 
Santa  F^  to  Galisteo,  22.08  miles;  good  road;  fair  supply  of  wood  and  grass;  no 
water. 

From  Qalisteo  to  Antelope  Spring,  40.88  miles,  fine  road ;  good  grazing ;  no  wood 
and  no  water  except  at  Stinking  Hole,  25.88  miles  from  Galisteo ;  qualit^T  of  water  bad. 

From  Antelope  Spring  to  Dow*s  agency,  Gallinas  Mountains,  44.76  miles;  road  over 
bad  alkali  flat,  salt  lakes  and  sandy  country ;  grazing  for  greater  part  of  way  poor: 
no  water,  and  wood  scarce  for  more  than  two- thirds  of  distance. 

From  Dow's  ranch  to  Jiccarilla  station,  29.18  miles;  road  good  through  monntain- 
ons  country,  well  wooded  and  fine  grazing,  no  water. 

From  Jiccarilla  Station  to  Patos  Spring,  11.15  miles ;  road  good  through  a  moantaio- 
ons  country,  well  timbered ;  fair  grazing  on  top  of  mountains,  no  water. 

From  Patos  Spring  to  Fort  Stanton,  21.16  miles;  fine  road  over  open  and  rolling 
<50untry;  wood  obtains  at  intervals;  grazing  fair,  no  water  between  Patos  Spring 
and  Rio  Bouito. 

Total  distance  from  Santa  F^  to  Fort  Stanton  169  34  miles ;  4.86  miles  shorter  than 
the  route  by  Los  Posos  Pinosos. 

FROM  FORT  STANTON  TO  FORT  SELDBN. 

The  transportation  by  which  I  was  to  go  to  Forts  Selden  and  Bayard  arrived  at  Fort 
Stanton  on  May  25. 

I  left  the  latter  post  May  27  for  Dowlin^s  Mill  en  route  to  the  former  posts,  and  made 
the  following  drives  and  continued  the  odometer  measurements : 

From  Fort  Stanton  to  Dowlin's  mill ;  distance  17.44  miles. 

From  Dowlin's  mill  to  Blazer's  mill ;  distance  16.74  miles. 

From  Blazer's  mill  to  Tnlerosa ;  distance  15.34  miles. 

From  Tnlerosa  to  Shedd's  ranch ;  Distance  55.39  miles. 

From  Shedd*s  ranch  to  Fort  Selden ;  distance  27.04  miles. 

My  letter  of  instructions  required  that  the  direct  road  from  Shedd's  ranch  to  Fori 
Selden  should  be  measured  by  odometer.  This  was  carefully  done,  and  the  magnetic 
bearing  of  road  taken. 

The  route  passes  first  over  the  Organ  Mountains  through  San  Augustine  Pass«  then 
over  an  open  country  between  the  latter  and  the  hills  near  and  east  of  Fort  Selden, 
then  around  these  to  Fort  Selden. 

In  detail,  the  road  extends  from  Shedd's/anch  in  a  northwesterly  direction  for  3.41 
miles  up  a  rapidly-ascending  grade  to  San  Augustine  Pass  of  Orga^  Mountains.  The 
pass  proper  is  2.17  miles  in  length  and  is  an  excellent  road.  From  this  pass  the  road 
debouches  into  the  valley  of  the  Rio  Grande  and  forks  on  the  west  side  5.58  miles  from 
Shedd's  ranch,  the  right-hand  road  leading  to  Fort  Selden,  the  middle  road  leading 
to  Donna  Anna,  and  the  left-hand  road  lei^ing  to  Los  Cruces. 

The  country  between  the  Organ  Mouh  tains  and  the  hills  east  of  Selden  is  open  prairie, 
descending  fpr  about  7  miles  and  ascending  about  the  same  distance,  the  soil  of  which 
is  sandy  for  the  first  part  and  clayey  for  the  second;  which  makes  the  roadway  heavy 
and  good  respectively.  This  part  of  the  route  could  be  shortened  somewhat,  as  the 
road  meandtrrs  considerably  without  any  apparent  cause. 

The  roadway  becomes  very  sandy  after  it  leaves  the  hills  east  of  Selden,  and  for  f 
miles  it  is  verv  heavy.  It  then  passes  over  hard  ground,  but  becomes  rough  as  it  passes 
<0veT  hills  and  ravines  till  within  a  short  distance  of  Fort  Selden. 
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There  in  no  water  along  the  route,  little  or  do  grazinj^,  and  greasewood  and  sage- 
brush the  only  wood. 

The  total  distance  from  SheddV  ranch  to  Fort  Selden  waa  found  to  be  27.04  milee — 
1.53  miles  shorter  than  the  route  via  Donna  Anna. 

A  map,  scale  ?  vii^or.n  or  4  miles  to  the  inch,  of  the  route  from  Santa  ¥6  to  Fort  Seldeu, 
•coubtructed  by  private  Wilton,  United  States  general  service,  accompanies  this  report. 
1  am,  sir,  very  resi>ectfully,  your  obedient  servant, 

C.  A.  Stedmax, 
First  Lieutenant  Ninth  Cavalryy  Acting  Engineer  Officer,  District  of  N,  M, 

The  Acting  Assistant  Adjctant-Gexkral, 

District  of  Xeic  Mexico, 


BEPORT  ON  THE  NORTH  STAR  ROAD— FROM  FORT  BAYARD  TO  THE  CANON 
ON  THE  BLACK  RIVER-BY  LIEUTENANT  C.  A.  STEDMAN,  ACTING  ENGI- 
NEER OFFICER,  DISTRICT  OF  NEW  MEXICO. 

Headquarters  District  of  New  Mexico, 
•  Office  of  the  Acting  Engineer  Officer, 

Santa  F<f,  X.  Mex.,  October  26,  1877. 

Sir  :  1  have  the  honor  to  submit  the  following  estimates  of  work  required  on  the 
North  Star  road  from  Fort  Bayard,  N.  Mes.,  as  far  as  the  north  side  of  the  Black 
Cailon,  to  make  it  a  passably  practicable  road,  called  for  by  my  letter  of  instructions 
from  your  office,  dated  May  11, 1877. 

The  estimates  are  tabulated  and  accompany  herewith,  but  to  cause  them  to  be  fully 
understood  a  brief  description  of  the  road  will  be  given  and  the  work  in  detail  de- 
scribed. 

The  road  extends  from  Fort  Bayard  in  a  northeasterly^  direction  up  into  the  Mim- 
bres  Mountains  via  Santa  Rita  mines  and  for  1)^  miles  till  it  reaches  the  Mimbres  River, 
near  Magruder*s  quartz  mill,  where  it  passes  up  the  river  valley  for  about  six  miles  in 
a  northerly  direction.  It  then  leaves  tne  river  and  valley  and  passing  over  the  western 
s1op49  of  the  Mimbres  Mouutains  in  a  northeasterly  direction  for  about  94  miles,  cross- 
ing in  that  distance  Willow  and  Bear  C^^eks,  Black  Cafion  and  River,  Diamond  Creek, 
and  the  Gila  River,  and  over  much  very  rough,  hilly,  and  mountainous  country. 

It  then  bears  more  to  the  east  and  passes  to  the  east  of  the  Lucra  Mountains  and 
west  of  the  White  and  Moneca  Mountains,  debouches  into  the  Rio  Grande  Valley,  nei^r 
Sabinal,  where  it  intersects  the  river  road. 

On  June  11 1  left  Fort  Bayard,  with  fifteen  days*  rations  for  my  party,  which  con- 
sisted of  Sergeant  Maier,  Company  D,  Battalion  of  Engineers;  Private  £.  H.  Wilton, 
general  service  clerk  attachea  to*  my  office :  and  an  escort  of  one  non-com missionea 
officer  and  tive  privates  Ninth  Cavalry,  and  one  escort  wagon  and  driver,  and  pro- 
ceeded to  the  Mimbres  River,  and  commenced  a  reconnaissance  of  the  North  Star 
road. 

Mv  letter  of  instructions  required : 

^'To  examine  the  North  Star  road  as  far  as  the  cafion  on  the  Black  River. 

**  You  will  make  an  estimate,  and  forward  same  to  this  office,  of  the  labor  required 
to  repair  that  portion  of  the  road  reported  badly  damaged  by  ^oods  and  rendered  im- 
passable for  loaded  wagons.  If  the  road,  as  constructed,  is  too  near  the  bed  of  the 
stream,  you  will  endeavor  to  find  a  route  and  make  the  estimate  with  a  view  to  a 
road  that  can  resist  destruction  by  water.  You  will  also  examine  the  country  for  any 
practicable  route  leading  from  Ojo  Caliente  Indian  Agency  to  Fort  Bayard." 

The  vHd  from  Fort  Bayard  to  Mimbres  River  passes  over  a  hilly  and  rough  country; 
but  is  practicable,  and  with  some  repairs  could  be  made  a  good  road. 

From  the  Mimbres  River  to  the  cafion  of  Willow  Creek,  the  road  would  be  good  if 
much  traveled.  At  the  latter  place,  33  miles  from  Fort  Bayard,  the  first  really  bad 
road  and  obstacle  to  a  practicable  route  was  encountered.  The  road  crossed  a  deep 
cafion  at  a  place  known  as  Willow  Springs.  The  descent  into  the  oaHon  is  made  over 
a  steep  bill  some  1,800  feet  long,  which  had  l>een  made  by  the  citizens  of  Grant  County 
in  1S75.  The  roadway  was  part  excavation  and  part  embankment.  Water  had  acted 
on  the  latter  where  it  joined  the  former,  and  deep  and  dangerous  ruts  and  washouts 
were  the  consequents.    The  width  of  the  roadway  as  built  was  from  d  to  9  feet. 

On  June  13,  this  hill  was  leveled  and  the  srade  found  to  be  672^  feet  per  mile. 

Leveling  was  also  done  to  make  the  roadie  feet  wide,  and  entirely  of  excavation^ 
and  from  data  taken  290  cubic  yards  of  earth  and  20  cubic  yards  of  rook  will  be  re- 
quired to  be  taken  out. 

Bear  Cafion  hill  was  the  next  bad  road,  10.21  miles  from  Willow  Spring.  This  hill  is 
exceedingly  steep  and  much  washed  out,  the  roadway  having  been  miMe  of  part  ex- 
cavation and  part  embankment.    It  leads  down  into  a  deep,  narrow,  and  very  rooky 
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cafion.    The  hill  was  leveled  Juoe  14,  and  the  grade  fonnd  to  be  ^62  feet  to  the  mile, 
and  the  hill  1,100  feet  in  length;  the  roadway  was  narrow. 

Data  were  taken  to  widen  the  roadway  4  feet,  to  be  entirely  of  excavation,  and 
leveled  throughout,  from  which  340  cubic  yards  of  earth  excavation  will  be  required. 

The  road  between  Willow  Spring  and  Bear  Cafion  hill  is  hilly,  but  in  its  now  nn- 
traveled  condition  may  be  considered  fair. 

Bear  Cafion,  which  joins  Rocky  Cafion,  is  about  one-half  a  mile  long,  and  the  road- 
way through  it  was  fair  and  susceptible  of  being  made  good  by  travel  over  it.  The 
sides  of  the  cafion  are  high  and  precipitous,  and  pine  of  considerable  size  abound  in 
abundance. 

Immediately  from  Bear  Cafion  extends  Rocky  Cafion,  which  is  narrow,  veiy  rough, 
and  rocky ;  nine  thousand  five  hundred  feet  long  by  chain  measurement,  and  having 
a  small  creek  running  in  its  bed.  This  seemed  to  be  a  very  serious  obst4»cle  to  a  prac- 
ticable route.  It  is  al>out  150  wide  at  its  (southern)  commencement  and  coDtiDae«oo 
an  average  about  that  width  for  1,000  feet,  in  which  distance  the  road  extends  along 
and  crosses  the  creek  nine  times.  The  creek  abounds  in  large  rocks,  and  wherever 
the  road  passes  into  and  crosses  it  the  roadway  is  exceedingly  rough.  The  hilla  on 
either  side  are  steep,  from  250  to  300  feet  high,  and  covered  with  pine  and  pinon 
timber. 

At  1,970  feet  the  road  enters  the  creek-bed  and  continues  in  it  for  180  feet;  the 
cafion  here  is  about  15  feet  wide,  with  high  hills  on  either  side.  * 

From  2,150  feet  to  2,700  the  cafion  becomes  wider  and  the  road  leaves  the  creek-bed, 
but  crosses  it  at  2,400,  2,500,  and  2,700  feet,  the  latter  a  bad  crossing.  At  the  latier 
crossing  the  cafion  narrows  and  the  roadway  enters  the  creek  at  2,do0  and  continoea 
in  it  for  700  feet.  This  part  of  the  road  is  very  rough,  immense  rocks  filling  the  creek- 
bed.  The  road  from  this  point  (3,600  feet)  runs  either  alongside  or  in  the  creek  to  3,cj60 
feet.    The  cafion  narrows,  and  the  hills  on  either  side  are  from  250  to  300  feet  high. 

From  3,t*60  to  5,200  feet  the  cafion  becomes  more  open  and  the  road  better  as  it 
leaves  the  creek-bed ;  the  road  crosses  the  creek  at  4,200  feet.  4,380  feet,  4,520  feet, 
4,800  feet,  and  4,920  feet. 

From  5,200  to  5,500  feet  the  cafion  narrows  to  about  15  feet,  is  very  rough,  and  aa 
the  road  takes  to  the  creek-bed  is  correspondingly  so. 

I^m  5,500  feet  the  cafion  becomes  more  open,  and  the  road  leaving  the  creek-bed 
becomes  better  up  to  6,000  feet,  when  it  becomes  again  very  rough  and  rocky ;  the 
cafion  narrows,  and  at  6,2:^  feet  it  is  about  40  feet  wide. 

At  6,235  feet  a  trail  leads  to  the  left,  which  taps  the  main  road  after  it  haa  left  the 
rocky  cafion  and  passed  over  the  long  hill  at  the  north  end  of  the  cafion,  and  which  is 
shorter  than  by  the  main  road. 

Rocky  Cafion  from  6,235  feet,  the  point  of  intersection  with  the  trail,  continnea 
about  40  feet  wide  and  very  rough  and  rocky  to  6,730  feet.  Immense  bowlders  and 
rocks  here  fill  the  bed  of  tne  creek,  over  which  the  road  passes.  The  road  then  ex- 
tends along  the  creek  for  170  feet,  when  it  again  enters  the  bed  of  th^  creek  and  con- 
tinues in  it  for  1,470  feet,  over  a  very  rough  and  rocky  roadway.  From  this  point  to 
the  end  of  the  cafion  the  road  becomes  less  rough,  crosses  the  creek-bed  at  8,950  and 
8,080  feet,  and  at  9,100  feet  enters  the  creek-bed  and  continues  in\t  for  160  feet. 

The  road  leaves  the  cafion  at  9,500  feet  and  passes  over  a  steep  and  long  hill,  which 
in  places  is  much  washed  out,  and  requires  repair. 

Pine  of  considerable  size,  suitable  for  building  purposes,  abound  throughout  Rocky 
Cafion  and  surrounding  country. 

After  making  as  careful  a  reconnaissance  of  the  surrounding  country  as  practicable 
in  the  time  so^nt  on  this  part  of  the  road,  and  reasoning  that  the  citizens  of  Grant 
County  would  not  have  adopted  the  line  of  route  taken  and  performed  so  much  labor 
on  the  hill  on  the  north  side  of  cafion  without  previously  having  thoroughly  recon- 
noitered  the  country  for  a  more  practicable  way,  it  was  concluded  to  keep  tha  Rocky 
Cafion  as  the  line  of  the  road,  but  to  so  far  change  its  location  as  to  put  a  road  over 
the  trail  which  leaves  the  cafion  at  6,235  feet,  thereby  avoiding  the  extensive  hill  at 
the  north-end  side  of  the  cafion,  besides  a  hu:ge  portion  of  the  roughest  part  of  the 
road,  and  shortening  the  distance. 

For  the  road  to  go  by  the  whole  length  of  Rocky  Cafion  the  following  work  would 
be  required ;  distances  estimates  from  the  south  end  of  the  cafion : 

At  600  feet,  140  feet  of  road  would  have  to  be  built  on  the  side  of  hill  to  the  left. 

At  1,650  feet,  150  feet  of  road  built  on  the  side  of  the  bill  to  the  right. 

At  1,870  feet,  260  feet  of  the  road  to  be  built  on  the  side  of  hill  to  the  right. 

At  2,700  feet,  1,160  feet  of  road  to  be  built  on  hill  to  left  of  creek-bed. 

At  5,160  feet,  400  feet  of  road  to  be  built  qn  side  of  hill  to  right  of  creek. 

At  6,200  feet,  2,190  feet  of  road  to  be  built  on  side  of  hill  to  right  of  creek. 

Besides  the  changes  of  location  of  roadway,  bridges  would  be  required. 

For  the  road  to  go  by  the  trail :  that  part  of  the  above  work  up  to  where  the  trail 
comes  into  the  main  road  ;  after  which  a  roa<l  would  have  to  be  constructed  up  a  rocky 
cafion  and  over  hills  at  a  proper  grade.  , 
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Data  were  taken  from  which  it  is  ascertained  that  the  route  via  the  Rocky  Cafion 
will  require  the  excavation  of  12,600  cubic  yards  of  rock  and  3,700  cubic  yards  of 
earth,  the  grubbing  and  clearing  oC  2.13  acres,  and  the  construction  of  seven  bridges. 

The  road  to  pass  over  the  trail  would  require  the  excavation  of  7,600  cubic  yards  of 
rock  and  5,100  cubic  yards  of  earth,  2^  acres  of  grubbing  and  clearing,  and  the  build- 
ing of  four  bridges  and  one  culvert. 

The  road  after  it  mounts  the  long  and  steep  hill  at  the  northern  end  of  Rocky  CaQon 
passes  over  a  rolling  and  well-wooded  country ;  the  roadway  is  excellent,  and  with 
the  except'ion  of  a  short  part  of  country  which  becomes  boggy  in  the  wet  season  there 
is  no  obstacle  to  an  excellent  road  from  Rocky  Cafion  to  the  south  hill  of  Black  Ca&on. 
Wood  andVater  are  abundant. 

The  Black  Cafion  with  its  lateral  calions,  considered  as  one,  is  about  2|  miles  wide 
and  between  2,000  and  3,000  feet  deep.  The  road  passes  down  one  of  the  side  caQons 
over  a  hill  on  which  the  greater  part  of  the  work  done  by  the  citizens  of  Grant  County 
was  expended.  Here  the  roadway  was  made  as  all  of  them,  work  on  hills  of  part  ex- 
cavation and  part  embankment.  Much  was  done  in  this  way,  the  roadway  having 
been  cut  into  the  side-hill  for  about  5  feet;  and  that  part  of  the  hill  worked  is  about 
2f  miles  long. 

Timbers  had  been  placed  on  the  lower  side  and  the  embankment  part  of  the  road 
filled  in  on  them. 

The  natural  slope  of  the  hills  on  which  the  roadway  was  built  is  very  steep,  which 
caused  considerable  embankment,  and  as  the  foundation  thereof  is  in  many  places  of 
periHhable  matter,  it  would  in  time  be  liable  to  slide  off  and  entirely  wash  away. 

The  road  winds  in  among  the  hills  and  has  several  sharp  tnms,  which  require  much 
cutting  to  make  them  safe,  as  the  hill  is  veiy  steep  and  the  road  passes  on  the  edge  of 
the  ca&ou,  where,  if  a  wagon  were  to  get  off  of  the  road  on  its  lower  side,  it  wouul  be 
precipitated  hundreds  of  feet  below,  or  dashed  into  the  tops  of  high  pines,  equally  as 
disastrous. 

The  road  as  now  built  was  finished  for  about  2i  miles,  where  work  was  suspended ;  and 
then  for  2,000  feet  from  the  foot  of  the  hill  it  has  been  laid  out  and  partially  worked, 
thus  leaving  a  stretch  of  about  2,400  feet  to  be  lai4  out  and  built. 

To  convey  some  idea  of  the  steep  grade  of  the  hill,  in  addition  to  the  brakes  of  the 
light  escort  wagon  with  my  party  being  put  on  their  fullest  capacity,  lariats  had  to  be 
fastened  to  the  wagon  and  all  available  men  of  the  escort  held  back  on  the  ropes  to 
prevent  a  too-rapid  descent  and  liability  of  running  off  into  the  ca&on  below. 

Much  of  the  road  was  badly  washed  out,  and,  the  logs  of  the  foundation  in  several 
places  already  having  given  away,  it  will  soon  become  totally  impassable  for  wagons. 

From  the  place  where  the  work  had  been  suspended  the  temporary  road,  which  has 
been  traveled,  passes  down  a  hill,  which  is  entirely  unworked,  and  is  at  a  grade  of 
about  1  on  1,  or  at  an  angle  of  43^\ 

That  part  of  the  work  which  commences  at  the  bottom  of  the  hill  and  has  been  laid 
out  and  partially  worked  is  of  good  grade,  and,  if  completed,  will  be  the  best  jtortion 
of  the  road. 

On  June  15  leveling  was  done  to  find  an  approximate  average  grade  of  this  hill 
and  4,400  feet  chained,  which  included  the  lower  portion  of  the  road  already  laid  out 
and  that  portion  yet  to  be  laid  out  and  built.  The  latter  was  laid  out  but  not  staked, 
and  data  taken  for  a  roadway  12  feet  wide  and  entirely  of  excavation. 

From  data  so  obtained,  estimates  of  work  required  to  build  the  road  on  the  portions 
yet  to  be  built  and  that  laid  out  and  partially  worked  have  been  made.  Estimates 
for  work  to  repair  the  upper  portion  of  the  hill,  to  widen  it  by  3  feet,  side  cutting 
and  widen  the  turns,  have  been  made,  but  from  a  reconnaissance  only,  no  Instrumentiu 
measurements  having  been  taken. 

The  road,  after  entering  the  cafion  proper,  crosses  the  Black  River  and  passes  down 
the  stream  for  about  three-quarters  of  a  mile,  crossing  it  four  times  again,  and  leaves 
the  caDon  by  a  hill  nearly  as  long  and  as  steep  as  that  on  the  south  side  of  the  caOon. 
This  hill  had  been  worked  by  detachments  of  the  Ninth  Cavalry,  and  extensive  and 
good  work  had  been  done. 

The  roadway  is  entirely  an  excavation  and  12  feet  wide.  After  two  years'  time,  and 
little  or  no  travel  over  it,  it  was  in  good  condition.  The  entire  road  as  staked  would 
be  about  li  miles  in  length,  of  which  about  .3,900  feet  are  complete,  leaving  2,700  feet 
still  to  be  built.  The  road  as  now  broken  leaves  the  complete  part  and  passes  up  a 
hill  to  the  top  of  the  mesa,  so  steep  as  to  be  almost  utterly  impassable  for  loaded  wagons. 

A  reconnaissance  of  the  road  to  be  built  was  made,  from  which  estimates  for  the  re- 
quired work  are  herewith  submitted,  together  with  those  of  the  route  to  this  point. 

My  letter  of  instructions  required  estimates  for  the  required  work  on  the  road  up  to 
this  point,  and  before  proceeding  further  with  the  report  of  the  tour  over  the  other 

Sarts  of  the  North  Star  road  and  the  intermediate  country  between  that  road  and  the 
'.\o  Grande  and  Ojo  Caliente  Indian  Agency  and  Fort  Bayard,  the  estimates  herewith 
submitted  will  be  explained. 
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While  at  Silver  City  I  obtained  all  the  information  I  coald  gather  from  the  citizens 
concerning  the  work  done  by  them  and  others  of  Grant  Connty,  the  price  of  labor,  &c. 

Ascertaining  that  Mr.  C.  P.  Crawford  had  been  one  of  the  principal  men  concerned, 
I  applied  to  him  for  information,  and  he  subseqaently  to  my  having  been  over  the 
United  States  road  furnished  me  with  the  subjoined  letter. 

The  estimates  submitted  have  been  made  on  a  basis  as  follows :  Daily  wages  of  com- 
mon laborers,  81.25  ;  daily  wages  of  blacksmiths  and  foremen,  $.3 :  daily  cost  of  trans- 
portation at  the  current  prices  of  hire  at  Sante  F6,  and  cost  of  tools,  &c.,  80  percent,  of 
the  wholesale  prices  at  same  place ;  a  day's  work  to  be  ten  bours  in  duration,  and  equiv- 
alent to  12  cubic  yards  per  man.  Cost  of  earth  excavation  per  cubic  yard,  3G  cents, 
and  cost  of  rock  excavation,  blasting,  &c.,  $1.25  per  cubic  yard.  The  bridges  to  be 
made  of  logs,  to  be  procured  near  their  respective  locations. 

The  estimates  are  only  approximate,  as  much  of  the  road  needs  more  or  less  repairs, 
the  obstacles  to  a  practicable  route  only  having  been  touched  upon. 

The  estimated  cost  as  given  is  undoubte«lly  not  excessive  ;  and  the  cost  of  building 
and  making  the  entire  road,  from  Fort  Bayard  to  Sabinal  would  probably  cost  $8,tK)0 
over  and  above  the  cost  of  road  south  of  Black  Cafion. 

The  route  continues  on  from  the  Bhick  Canon  over  a  high  mesa,  the  sides  of  wbich, 
being  rongh  and  precipitous,  cause  the  road  to  meander  considerably  from  its  general 
course  to  be  passable  for  wagons. 

With  the  exception  of  some  sand,  a  few  hills,  which  with  repair  could  l>e  made  good 
roadways,  the  road  is  very  good  to  Diamond  Creek,  13.yi  miles  from  the  Black  River. 

After  reaching  Diamond  Creek,  the  road  extends  up  its  valley  for  about  two  miles, 
when  it  passes  over  the  divide  between  the  latter  creek  and  the  Rio  Gila,  and  passes 
up  that  river  for  about  three-quarters  of  a  mile  to  Camp  Vincent.  In  crossing  the  di- 
vide a  short,  very  steep,  hill  is  encountered,  known  as  the  "  Ho^  Back;"  extensive 
cutting,  or  perhaps  a  change  of  location  of  the  road,  would  be  required  here  to  make  it 
a  practicable  route  for  wagons. 

The  location  of  that  part  of  the  road  on  the  Rio  Gila  should  be  changed,  which  would 
require  some  extensive  work,  as  the  hills  are  steep  and  considerable  cutting  would  be 
necessary.  The  road,  as  now  laid  .out,  is  partly  in  the  river-bed,  and  as  the  Gila  is 
subject  to  extensive  rises,  all  travel  would  be  blockaded  either  at  Camp  Vincent  or 
the  lower  crossing  of  the  river. 

From  Camp  Vincent  the  road  passes  over  a  rough  mountainous  country  and  throng 
deep  canons  for  l'^  miles.  This  part  of  the  road  was  built  by  detachments  of  the 
Fifteenth  Infantry. 

There  are  four  hills  of  very  steep  grade  on  the  road  before  it  enters  the  Apa«be  or 
Sherman's  Cafion.  After  it  enters  the  latter  the  road  is  an  excellent  one,  with  the  ex- 
ception of  a  mile  and  a  half  at  the  north  end  of  the  cafion,  where  it  passes  through 
an  extensive  cienega  and  is  consequently  boggy. 

Much  corduroying  has  been  done  here,  and  more  is  required  to  make  it  a  safe  way 
for  heavily-loaded  wagons. 

From  Camp  Sherman,  situated  at  north  end  of  cafion,  to  the  point  where  the  road 
to  Ojo  Caliente  leaves  the  North  Star  road,  about  3^  miles  from  Paddy's  Holea,  the 
road  is  excelleot,  passing  over  an  open  and  rolling  country. 

There  is  permanent  water  at  Shaw's  ranch,  12  miles  from  Camp  Sherman. 

The  road  from  Paddy's  Holes  to  Ojo  Caliente  Indian  Agency  is  a  good  mountain 
one. 

Pursuant  to  ray  letter  of  instructions,  of  June  17  to  20,  with  two  men,  I  made  a  re- 
connaissance of  the  country  between  Camp  Vincent,  on  the  Gila  River,  and  Ojo  Cali- 
ente Indian  Agency  in  search  of  a  practicable  route  from  the  latter  to  Fort  Bayard. 
Taking  the  trail  traveled  by  the  Southern  Apache  Indians  on  their  removal  to  Ari- 
zona from  their  reservation,  I  found  it  to  be  a  route  over  which  a  practicable  road  could 
be  built,  and,  judging  from  all  the  information  I  could  gather  from  officers  who  bad 
scouted  over  that  and  country  still  east  and  south  of  that,  I  am  convinced  that  the 
trail  referred  to  would  be  the  shortest  practicable  route,  supposing  the  North  Star 
road  to  form  part  of  it. 

On  June  24  I  reached  Ojo  Caliente  with  my  entire  party,  having  traveled  via  North 
Star  road  as  far  as  its  junction  with  the  old  Fort  Tulerosa  and  Ojo  Caliente  road, 
thence  by  that  road  to  the  latter  place. 

By  odometer  measurements  the  route  as  traveled  was  126.82  miles. 

From  Fort  Bayard  to  Ojo  Caliente  via  North  Star  road  and  the  trail  referred  to  the 
distance  would  be  about  97  miles. 

As  my  letter  of  instructions  in  requiring  the  reconnaissance  for  a  practicable  route 
from  Fort  Bayard  to  Ojo  Caliente  Indian  Agency  did  not  confine  the  route  to  either 
side  of  the  Mimbres  Mountains,  I  determined  to  return  from  Ojo  Caliente  to  Fort 
Bayard  to  the  east  side. 

Leaving  Ojo  Caliente  June  25, 1  proceeded  en  route  to  Fort  Bayard  via  Cafiada  Ala- 
mosa, Cuchillo  Negro  Polomas,  Cottonwood,  on  the  Rio  Grande,  and  the  Gavidan  Pasa 
through  the  Mimbres  Mountains  to  Mimbres  River. 
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The  road  till  it  strlkoa  tho  Rio  Grande  is  excellent,  after  which  it  is  more  or  less 
sandy. 

The  road  now  most  traveled  from  the  Cotton  woods,  on  the  Rio  Grande,  to  Fort  Bayard 
and  Silver  City  leaves  the  Rio  Grande  a  short  distance  below  the  Cottonwood  Ranch 
and  passes  over  the  foot-hills  near  the  river,  over  the  northern  end  of  the  Goodsight 
Mountains  and  the  Little  Jornada,  between  the  latter  mountains  and  Cook's  Range, 
over  the  northern  point  of  the  latter  and  eastern  slope  of  the  Mimbres  Mountains, 
striking  the  Rio  Mimbres  at  Brockman's  mill,  which  is  about  10  miles  above  the  cross- 
ing of  the  same  by  the  mail-route. 

This  is  known  as  Brockman's  road.  June  27  I  left  Cottonwood,  on  the  Rio  Grande, 
with  the  intention  of  proceeding  by  this  route  to  the  Mimbres  River ;  but  through 
mistake  took  a  blind  road,  which  led  to  Mule  Spring,  north  of  Cook's  Range,  and  into 
the  valley  of  the  Mimbres  River  through  the  Gavalan  Pass. 

There  was  no  road  through  the  latter,  and  it  was  with  great  difficulty  that  the 
escort  wagon  could  be  gotten  through. 

The  mistake  in  taking  the  route  via  Gavalan  Pass  was  perhaps  fortunate,  as  I  have 
been  assured  by  good  authority  that  if  a  road  could  be  put  through  the  Gavalan  Pass, 
a  good  straight  road  could  be  run  either  to  the  town  of  Polomas  or  the  head  of  the 
Polomas  River,  thereby  shortening  the  route  to  the  north  and  avoiding  the  sandy 
roads  near  the  Rio  Grande. 

Till  recently  the  trail  through  this  pass  and  direct  to  Polomas  River  was  a  mail- 
route  (pony  express). 

A  road  could  be  built  through  the  Gavalan  Pass. 

On  June  30  I  returned  to  Fort  Bayard.  The  route  of  return  from  Ojo  Caliente  to 
Fort  Bayard  was,  by  odometer  measurement,  144.46  miles,  17.46  miles  longer  than  by 
the  North  Star  and  Tnlerosa  and  Ojo  Caliente  roads,  and  47.46  miles  longer  than  by 
the  North  Star  road  and  Apache  trail. 

In  comparison  of  the  practicability  of  the  three  routes  between  Fort  Bayard  and  Ojo 
Calient«  that  via  Brookman's  road  Cottonwoods  on  Rio  Grande,  Polomas,  and  Cafiad* 
Alamosa  is  at  present  much  the  best,  as  it  is  a  thoroughly  broken  road. 

If  a  road  were  built  to  cross  the  eastern  slope  of  the  Mimbres  Mountains  through 
the  Gavalan  Pass,  and  from  thence  as  direct  as  possible  to  the  town  of  Caflada  AU^ 
mosa,  heading  the  intervening  streams,  it  would  probably  be  the  shortest  and  most 
practicable  route  that  could  be  selected  between  the  two  points. 

Either  route  via  the  North  Star  road  would  have  the  advantage  of  an  abundant 
supply  of  wood  and  water. 

The  route  east  of  the  Mimbres  Mountains  would  not  pass  through  so  well  a  wooded 
country,  but  would  have  an  ample  supply  of  wood  and  water  for  practical  purposes. 
1  am,  sir,  very  respectfully,  your  obedient  servant, 

C.  A.  Stedman, 
Fir8t  Lieutetumt  9th  Cavalry^ 
Acting  Engineer  Officer^  District  of  X,  M, 

The  Acting  Assistant  Adjutant  General, 

District  of  Xew  Mexico, 
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ANNUAL  REPORT  OF  LIEUTENANT  EDWARD  MAGUIRE, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1879. 

EXPLORATIONS  AND  SURVEYS  IN  THE  DEPARTMENT  OF  DAKOTA. 

Headquarters  Department  of  Dakota, 
Chief  Engineer's  Office, 
Saint  Paulj  Minn.^  July  1, 1879. 

General  :  I  Lave  the  honor  to  submit  the  follo\ving  report  for  the 
/tiscal  year  ending  June  30, 1879. 

The  engiaeer  detail  in  this  department  at  the  close  of  the  previous 
fiscal  year  consisted  of  myself  as  engineer  oflficer,  one  topographical  as- 
sistant, and  a  detachment  of  the  battalion  of  engineers  of  one  sergeant 
and  three  privates. 

On  August  23, 1878,  Sergeant  J.  E.  Wilson,  Company  D,  Battalion  of 
Engineers,  was  discharged  the  ser\ice  by  reason  of  expiration  of  tenn 
of  service,  and  was  immediately  re-enlisted  as  topographical  assistant 
under  the  provisions  of  General  Orders  No.  62,  Headquarters  of  the 
Army,  Adjutant-GeneraPs  Office,  July  3, 1877. 

Private  Adolph  Goslin,  Company  A,  Battalion  of  Engineers,  was,  at 
his  own  request,  discharged  the  service  August  10, 1878,  per  Special 
Orders  No.  169,  Headquarters  of  the  Army,  series  of  1878.  He  was  ap- 
pointed clerk  for  the  work  of  improving  Missouri  River  above  the  mouth 
of  Yellowstone,  but  has,  in  addition,  peiformed  the  major  part  of  the 
clerical  duties  pertaining  to  this  office. 

Topographical  AssLstant  Durage,  accompanied  by  two  privates,  left 
Saint  Paul  May  20, 1878,  en  route  to  Fort  Keogh,  Mont.,  to  make  a  sur- 
vey of  the  reservation  of  that  i)ost.    This  work  was  admirably  done. 

The  area  of  the  reservation  is  90.05  square  miles.  Of  these  12.25  fur- 
nished good  grazing,  12.09  are  adapted  to  cultivation,  and  the  timbered 
area  amounts  to  2.67  square  smiles.  Bad  lands  constitute  the  remain- 
ing i)ortion  of  the  reser\'ation. 

The  boundary  lines  of  the  reservation  were  carefully  run,  azimuth 
observations  having  been  taken  every  3  miles.  The  total  careful  chain- 
ing amounted  to  ^  miles.    There  were  62  mounds  and  3  posts  erected. 

The  astronomical  work  consisted  of  144  observatioas  for  time  and  142 
for  latitude. 

The  survey  gives  the  following  results : 

Longitude,  Fort  Keogh,  105o  56'  53".08. 
Latitude,  Fort  Keogh,  46o  23'  11".648. 

with  probable  error  =t  0".97. 
Altitude,  Fort  Keogh,  2,511.09  feet. 

On  March  24, 1879,  a  tracing  of  the  map  of  the  reservation,  and  on 
April  24, 1879,  a  tracing  of  the  plan  of  Fort  Keogh  was  forwarded  to 
the  Chief  of  Engineers.  Sergeant  Durage's  report  is  forwarded  here- 
with. 
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As  stated  in  my  last  animal  rei>ort,  Lioatenant  IIoffiDaD,  Eleventh  In- 
fantry, was,  upon  my  application,  directed  to  make  a  reconnaissance  of 
the  Moreau  or  Owl  River,  Dakota.  He  left  Cheyenne  Agency  (now  Fort 
Bennett,  Dakota)  April  28,  1878,  retuminfr  on  June  30,  1878.  A  copy 
of  his  report  and  a  tracing  of  the  map  of  his  reconnaissance  was  for- 
warded to  tlie  Chief  of  Engineers  on  March  24, 1879.  His  work  has 
been  incoq)orated  in  the  map  of  Dakota  issued  from  this  office. 

Acting  Assistant  Sm-geon  Clifirles  E,  !McChesney  was  ortiered  to  re- 
port to  me  July  10, 1878,  to  collect  information  concerning  the  birds  and 
mammals  of  the  Big  Horn  rf^gion.  An  elalK>rate  and  valuable  report 
submitted  by  him  was  forwanled  to  the  Chief  of  Engineer  March  24, 
1871). 

On  August  28,  1878, 1  left  Saint  Paul,  in  charge  of  two  parties,  for 
the  survey  of  the  Yellowstone  Kiver,  arriving  at  Fort  Keogh  Septem- 
ber G.  Having  started  the  survey  of  the  Yellowstone  and  inspected  the 
work  of  Topoginiphical  Assistant  Durage,  I  left  Fort  Keogh  with  the 
w  hole  detachment  September  2;i,  to  proceed  overland  to  Fort  Buford. 

Starting  at  I  p.  m.,  we  encamped  on  Sunday  Creek,  a  tributary  of  the 
Yellowstone,  at  4..10  p.  m.,  after  a  march  of  9.0  miles.  The  next  day  we 
reached  Custer  Creek,  24.0  miles  farther  on.  The  road  traveled  was 
generally  jwor,  but  one  ][)ortion  of  it,  called  "  Butler's  Cut  Off,"  was 
very  dithcult  of  i)assage,  it  lying  in  a  stretch  of  bad  lands  about  4  miles 
in  width.  Between  Keogh  and  the  valley  of  Custer  Creek  the  land  is 
lK)or.  The  grass  was  thin  and  of  poor  quality,  and  the  water  along  the 
whole  route  was  strongly  alkaline. 

The  valley  of  Custer  Creek,  however,  is  a  beautiful  one,  aflFording 
excellent  grazing  and  is  apparently  fertile.  The  stream  was  well  tini- 
Iwre^l  and  the  water  good.  We  met  game  for  the  first  time  in  this  valley. 
BuHalo  and  deer  were  killed  within  a  mile  of  cam]). 

After  leaving  Custer  Creek  the  next  day,  and  having  crossed  a  narrow 
strip  of  ba<l  lands,  we  entered  a  fine  rolling  grazing  country,  stretching 
out  in  all  directions  as  far  as  the  eye  could  reach,  the  streams  all  w ell  tim- 
bered and  the  landscape  dotted  here  and  there  with  the  diflferent  varieties 
of  game  common  to  that  region.  The  soil  was  a  good  black  loam.  With 
the  exception  of  the  drift  fragments,  the  argillaceous  sandstone  so  com- 
mon to  Dakota  and  Montana  was  the  only  variety  of  stone  seen.  At  oar 
next  camp,  on  a  branch  of  Bad  lioute  Creek,  specimens  of  gy])sum  and 
petrified  wood  containing  beautiful  crystals  of  lime  wei-e  found  in  pro- 
fusion. The  timber  there  wjjs  scarce  and  the  valley  uninteresting.  There 
was  but  little  water,  and  that  bad. 

This  valley  passed,  we  entered  a  rolling  country  again  similar  to  that 
mentioned  above.  A  few  hours'  ride  over  a  good  road  brought  us  to 
Bad  lloute  Creek,  a  beautiful  stream  of  excellent  wat^r  frequented  by- 
ducks.  Two  green-winged  teal  were  killed  here,  and  proved  to  be  a 
delightful  addition  to  our  larder.  Bulfalo  were  very  scarce,  those  we 
saw  being  old  bulls ;  but  antelope,  deer,  and  elk  were  seen  constantly. 

The  road  from  Bad  Route  Creek  winds  through  a  long  ravine  up  to  a 
broad  level  plateau,  where  excellent  grazing  is  to  be  found.  The  descent 
from  this  plateau  to  Clear  Creek  is  easy.  This  latter  creek  is  a  well- 
timbered  stream  of  sweet  water. 

From  this  valley  we  ascended  to  a  plateau  similar  to  the  one  we  pre- 
viously^ traveled,  and  finally  descended  to  the  valley  of  the  Yellowstone, 
at  the  mouth  of  Spring  Creek,  after  a  journey  of  32.3  miles. 

From  this  point  we  followed  the  bottom-lands  of  the  Yellowstone,  only 
occasionally  resorting  to  the  bench  to  avoid  a  marsh  or  thick  timber. 
Quite  a  number  of  wood-yards  and  ranches  w^ere  passed,  and  this  i>ortion 
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of  the  valley  possessed  somewhat  of  a  civilized  aspect.  At  Crane's 
Ranch,  on  Crane  Creek,  we  halted  for  a  short  time  to  eat  some  fruit  and 
melons.  This  ranch  produces  com  (both  Dent  and  Ree  grown  without 
irrigation),  sugar-corn,  melons,  tomatoes,  beets,  cabbage,  turnips,  lettuce, 
peas,  and  particularly  fine  i)otatoe8  and  onions.  Good  oats  are  raised. 
I  saw  in  several  instances  oats  which,  evidently  dropped  from  a  passing 
wagon,  had  sprang  up  and  matured  on  the  road.  The  hay,  of  course, 
is  fijie.  Wheat  can  be  profitably  grown.  The  whole  extent  of  bottom- 
lands is  well  adapted  to  farming.  There  is  plenty  of  timber,  and  the 
creeks  are  running  streams  of  clear  sweet  water.  The  benches  and 
prairies  above  affoni  the  best  of  grazing.  It  was  only  on  this  second 
overland  trip  that  I  was  enabled  to  fully  appreciate  the  value  of  the 
Yellowstone  valley.  Irrigation  can  be  achieved  without  a  great  expend- 
iture of  either  labor  or  money. 

On  September  0  we  arrived  at  the  ferry  opposite  Fort  Buford,  where 
we  took  the  steamer  for  Bismarck. 

The  weather  had  been  propitious  and  the  journey  was,  all  things  con- 
sidered, an  interesting  and  enjoyable  one.  The  odometer  cart  was  driven 
the  whole  distance,  the  usual  compass  bearings  and  thermometric  and 
barometric  readings  being  taken.  Sextant  observations  for  time  and 
latitude  were  taken  whenever  the  weather  i>ermitted. 

A  summary  table  of  altitudes,  latitudes,  longitudes,  &c.,  is  api)ended. 
A  tracing  of  the  map  was  forwarded  to  the  Chief  of  Engineers  on  March 
1J4,  1879,  and  the  work  has  been  incorporated  in  the  map  of  Montana 
issued  from  this  office. 

The  other  field-work  accomi>lished  during  the  year  was  the  rerunning 
of  the  northern  and  western  boundaries  of  the  Fort  Snelling  reserva- 
tion, a  detailed  and  elaborate  survey  of  the  portion  of  the  Snelling  res- 
ervation and  occupied  by  the  Seventh  Infantry,  a  minute  surv^ej'  of  the 
site  of  department  headquarters  buildings  at  the  same  post,  and  the  lay- 
ing out  of  the  Snelling  bridge  highway  across  the  reservation. 

On  the  2d  of  June^  Topographical  Assistant  Wilson,  accompanied  by 
one  private,  left  Saint  Paul  en  route  to  Fort  Custer  to  make  surveys  of 
the  reservation  of  that  post,  of  the  small  reservation  near  Fort  C.  F. 
Smith,  and  of  the  cemetery  of  Custer's  battle-field.  Should  this  work 
be  finisheil  in  time  to  permit  it,  the  Big  Horn  River  will  be  meandered 
with  transit  and  chain  to  connect  with  the  survey  of  the  Yellowstone 
River. 

On  June  18  I  was  ordered  to  insi)eet  and  report  upon  the  burning 
ooal-fields  at  Fort  Stevenson.  This  duty  was  performed,  I  returning  to 
8aint  Paul  on  the  29th. 

The  office-work  has  consisted  in  computing  and  plotting  the  field-notes, 
re\ising  and  correcting  the  maps  of  Dakota  and  Montana,  and  such 
maps  as  were  sent  to  this  office  for  examination,  in  compiling  informa- 
tion concerning  the  new  posts  in  the  department,  in  making  numerous 
tracings  and  copies  of  reports  for  tbrwarding  and  for  file  in  this  office, 
in  compiling  tables  of  distances  for  the  Paymaster-General,  and  in  sup- 
l)l3ing  such  information  and  data  as  were  called  for. 
Very  respectfully,  your  obedient  servant, 

Edw.  Maguire, 
First  Lieutenant^  Corps  of  Engineers^  U.  S.  A. 

The  Chief  of  Engineers,  U.  S.  A. 
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SS  I. 

REPORT  OF  SURVEY  OF  THE  MILITARY  RESERVATION  AT  FORT  KEOGH, 
MONTANA,  BY  TOPOGRAPHICAL  ASSISTANT  JULIUS  J.  DURAGE. 

Headquarters  Department  of  Dakota,, 

Office  of  Chief  Engineer, 
Saint  Paul,  Minn., . 


Sir  :  lu  obodieucc  to  orders  received  from  joa  and  embodied  in  the  following  order : 

[Special  Orders  No.  59.] 

"Headquarters  Department  of  Dakota, 

"  Saint  Paul,  Minn.,  Ma^  16,  1878. 

•  ««•••• 

"  4.  Lance  Sergeant  Jnlins  J.  Dnrage,  general  service,  and  Privates  Thomas  Cnlligan 
and  Albert  W.  Tamer,  Company  A,  Battalion  of  Engineers,  will  proceed  to  Fort  Keo^^h, 
Mont.,  and  make  the  snrvey  of  the  military  reservation  at  that  post,  under  the  direction 
of  the  chief  engineer  officer  of  the  department. 

"The  Qnartermaster's  Department  will  furnish  the  necessary  transportation,  and 
the  Subsistence  Department  commutation  of  rations  for  Privates  CuUigan  and  Turner, 
for  this  Journey,  it  being  impracticable  to  carry  subsistence  in  kind. 

"  By  command  of  Brigadier-General  Terry 

"  George  D.  Ruggles, 
^'Assistant  Adjutant- Geneval.''* 

and  in  accordance  with  your  special  letter  of  instructions  for  guidance  in  operations,  I 
have  the  honor  to  submit  the  following  report : 

I  left  Saint  Paul,  Minn.,  May  20,  1878,  provided  with  the  necessary  instruments  and 
material,  and  arrived  at  Fort  Keogh,  Mont.,  via  Bismarck  and  Fort  Buford,  Dak.,  on 
the  4th  of  June,  1878.  From  that  date  up  to  the  14th  of  June  I  was  debarred  by  con- 
tinual rain  and  hazy  nights  from  any  active  operations,  spending  the  scant  intervals 
of  fair  weather  in  taking  a  few  astronomical  observations  and  surveying  the  post  and 
constructing  a  plot  thereof.  On  the  16th  of  June  I  succeeded  in  determining  the  me- 
ridian and  magnetic  variation  at  the  post,  and  on  the  17th,  provided  with  a  complete 
working  force,  escort,  and  camp-equipage,  I  started  for  the  mouth  of  the  Tongue  River, 
whereat,  on  the  same  evening,  I  succeeded  in  determining  the  primary  azimuth  for  my 
survey.  The  waters  of  the  Yellowstone  and  Tongue  were  at  a  very  high  stace,  and 
there  were  no  means  of  crossing  the  river,  and  I  had  to  resort  to  a  complicat-ed  method 
of  triangnlation  to  determine  the  intersection  of  the  mid-channels.  Having  ascer- 
tained this  point  I  established  a  bench-mark  south  of  the  Yellowstone  and  west  of  the 
Tongue  near  their  confluence  and  situated  1,410.8  feet  south  of  the  initial  point.  In 
absence  of  stone  I  planted  a  post  8  feet  long  with  charred  butt,  five  feet  in  the  ground, 
and  marked :  "  Res.  Ft.  Keogh,  B.  M.  U.  S." 

Unable  to  cross  the  Yellowstone  I  determined  to  start  south  to  survey  a  base-line  10 
miles  long  on  which  I  could  connect  the  boundary  lines.  This  line  proved  to  be  a  good 
check  for  my  snrvey.  The  two  men  of  the  engineer  detachment  were  employed,  one 
in  charge  of  the  chainnlen.  keeping  tallies ;  the  other,  assisting  in  taking  bearings  with 
the  prismatic  compass  ana  noting  the  topography  of  the  country  passed  over.  From 
the  benchmark  the  line  runs  through  the  Yellowstone  Bottom  until  it  reaches,  at  11,944 
feet,  the  foot-hills  of  the  Yellowstone  and  Tongue  divide,  running  out  in  a  point  here 
called  Cantonment  Butte.  These  bluffs  are  about  65  feet  high,  exhibiting  a  rough 
stony  face.  The  ground  is  sandy  loam  impregnated  with  alkali,  and  containing  a 
conglomerate  of  gravel  and  silicions  fragments.  The  line  ascends  the  crown  of  these 
blnSs,  crossing  numerous  ravines,  covered  with  large  bowlders  of  friable  sandstone. 

I  found  myself  surrounded  by  bad  lands.  Leaving  the  camp  |)arty  to  move  up  the 
Tongue,  I  started  with  pack-mules,  the  only  mode  to  pass  over  this  country,  to  survey 
the  base-line  farther.  There  is  no  variety  in  this  country;  the  same  broken,  rough  sur- 
face covered  with  spare  grass,  impassable  for  wagons  and  difficult  for  animius.  At 
20,312  feet  I  found  a  spring  on  the  summit  of  a  moderate  hill,  which  the  hands  of  man 
have  been  improving,  unquestionably  Indians.  The  water  was  good.  West  of  the 
line,  dry  drains  lead  towards  the  Yellowstone,  east  towards  the  Tongue.  At  22,180  feet 
I  haid  to  cross  a  good  sized  hill ;  two  large  protrusions  on  the  summit  suggested  the 
name  of  ^'Cameishump.''  Continuing  through  this  broken  country  I  arrived  at  the 
interior  edge  of  these  hills.  They  slope  down  into  a  beautiful  grassy  plain,  about  li 
miles  long  and  the  same  width.  But  even  this  inviting  sight  was  destined  to  disap- 
point our  expectations  for  easier  progress.    Many  furrows  and  gullies  made  our  prog- 
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March  14, 1878,  and  is  hereby  annonnced  for  the  information  and  government  of  all 
concerned,  viz : 

"  Starting  in  mid-channel  of  the  Yellowstone  River,  opposite  the  month  of  Tongne 
River,  thence  running  due  west  6  miles,  thence  due  south  about  10  miles  to  the  soatbem 
boundary  of  the  present  temporary  reservation,  thence  due  east  along  said  soatbem 
boundary  till  it  reaches  mid^-chanuel  of  Tongue  River,  thence  down  said  channel  of 
Tongue  River  to  the  place  of  beginning,  reserving  a  site  for  a  ferry  or  bridge  acro» 
Tonj^ne  River. 

"All  orders  or  parts  of  orders  heretofore  issued  from  any  source  whatever,  conflict- 
ing with  the  provisions  of  this  order,  are  hereby  declared  inoperative  and  void. 

**  By  command  of  Brigadier- General  Terry. 

"Geo.  D.  Ruogles, 

Regarding  the  geological  formation  observed  in  this  country  I  have  the  honor  to  re- 
port the  following : 

The  geological  formation  is  very  nniform.  The  whole  appearance  shows  the  action 
of  water.  There  are  no  signs  of  upheavals  ;  the  whole  shows  to  be  deposits  of  water 
acted  again  upon  by  water.  The  bottom  lands  are  sandy,  the  shale  being  mised  with 
loam.  They  are  very  fertile,  producing  all  species  of  excellent  vegetables.  These 
sandy  deposits  have  a  considerable  fiieptu,  probably  12  to  15  feet.  The  lower  strata  of 
the  elevated  points  are  at  some  points  laid  barv,  exhibiting  conglomerate  of  clay  and 
gravel,  strongly  impregnated  with  alkali ;  in  some  places  thin  layers  of  siliceoos  lime- 
stone, very  brittle,  in  others  a  conglomerate  sandstone,  very  porous,  breaks  to  the  sur- 
face. Above  these  layers  I  perceived  deposits  of  clay  and  fragments  of  siliceous  forma- 
tion, the  whole  coveretl  with  about  2  feet  of  shale.  North  of  the  Yellowstone,  in  the 
bad  lands  near  the  northwest  corner,  the  middle  strata  exhibit  carboniferous  lime- 
stone. The  alluvial  deposits  exhibit  a  variety  of  colors,  according  to  the  material  in- 
termixed, white,  yellow,  and  red  bein^  most  prominent. 

The  botany  of  this  country  is  very  limited,  there  being  but  few  representatives  of 
trees,  but  a  great  variety  of  shrubs.  The  bottoms  are  covered  with  good  grass,  inter- 
spersed with  sage-brush.  The  banks  of  the  rivers  are  lined  with  high  cotton  wood  and 
willow.  There  is  some  higher  vegetation  along  some  of  the  creeks.  The  very  nsefal 
pine  tree  is  only  very  sparsely  represented,  the  principal  district  being  about  a  mile 
south  of  the  southern  boundary  and  east  of  the  Tongue  River.  The  varieties  observed 
may  be  classified  as  follows ;  White  pine  (Norway),  cedar,  American  aspen,  American 
elm,  white  ash,  common  juniper,  hazel-nut,  box  elder,  poison  ivy,  dogwood,  white 
birch,  choke-cherry,  wild  plum,  gooselierry,  wild  red  cherry,  currant,  raspberry,  and 
blackberry. 

The  mammals  are  representfd  by  the  following  species  and  varieties:  Wild-cat, 
prairie  wolf  or  cayot6,  fox,  weasel,  skunk,  badger,  ground-squirrel,  prairie-dog,  g^opber, 
prairie  rat,  jackass  rabbit,  sage-rabbit,  red  deer,  white-tail  deer,  and  antelope. 

The  following  birds  were  observed :  Wild  duck  and  goose,  sand-hill  crane,  curlew, 
robin,  dipper,  swallow,  sparrow,  finch,  lark,  blackbird,  fly-oatcher,  woodpecker,  owl, 
falcon,  hawk,  turkey-buzzard,  pigeon,  plover,  gull,  &o. 

For  determination  of  the  altitude,  I  employed  an  aneroid  barometer,  regulated  to  the 
level  of  the  sea  at  the  United  States  signal-office  at  Bismarck,  Dak.  Three  independ- 
ent sets  of  observations  were  taken. 

For  the  general  magnetic  variation  at  the  post  and  establishing  of  the  meridian,  three 
sets  of  observations  with  a  Staokpole  transit  and  mean  solar  chronometer,  Arnold  A 
Dent,  No.  i:J62,  were  used.  The  astronomical  work  was  performed  with  help  of  sex- 
tant No.  6536,  Spencer,  Browning  <&  Co.,  and  sextant  No.  1662,  Stackpole  cl  Bros. ; 
artificial  horizon  and  chronometers,  Arnold  &  Dent,  No.  1362,  and  Bond  &  Sou,  No.  202. 

The  results  of  these  observations  are : 

Ma^etic  variation  at  post,  17*^  37'  3C.  , 

A4titnde,  2,511.09  feet  above  the  level  of  the  sea. 

Longitude  in  arc,  10.5°  56',  5:^.08". 

Longitude  in  time,  7^  3'"  47  53««. 

Latitude,  46^^  23'  10.678". 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

Julius  J.  Duragk, 

Topographical  Assislant, 

Lieut.  EDWAitD  Maguirk, 

Corps  of  Enginceis^  V.  S.  A.j  Chief  Engineer  Department  of  Dakota. 
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SS   2. 

REPORT  OF  THE  RECONNAISSANCE  OF  THE  MOKEAU  OR  OWL  RIVER, 
])AKOTA,  IN  1878,  BY  LIEUTENANT  WILLIAM  HOFFMAN,  ELEVENTH 
UNITED    STATES    INFANTRY. 

Cheyenne  A(jency,  Dakota,  Dfrt^wftet- 23, 1878. 

Sir:  I  hare  the  honor  to  submit  the  following  report  in  connection  with  the  dnties 
as8i;jfned  me  by  Special  Orders  No.  48,  current  series,  Headquarters  Cheyenne  Agency, 
and  letter  of  instruction  dated  Engineer's  OtUce,  Headtiuarters  Department  of  Dakota, 
April  9,  1878. 

The  map  called  for  if>  submitted  at  the  same  time  ;  also  field-notes,  «&c. 

I  started  from  this  post  on  Sunday  the  *i^th  day  of  April,  with  a  party  of  2r»  enlisted 
men  all  told,  and  myself  being  the  only  ofticer  with  the  detachment.  My  transporta- 
tion consisted  of  three  six-mule  army  wagons,  and  I  was  rationed  to  the  30th  day  of 
June,  1878. 

The  trip  was  made  without  any  incident  calling  for  special  remark,  excepting  the 
fact  that  I  happened  to  hit  the  rainy  season,  and  that  I  was  ou  this  account  impeded 
by  bad  and  sometimes  Impassable  roadway. 

The  rainy  season  lasted  until  June  the  10th,  up  to  which  time  I  bad  made  only  one- 
thinl  of  my  trip,  and  the  result  was  that  I  had  to  work  hard  dnring  the  remaining 
twenty  days,  in  order  to  get  back  to  this  post  on  the  expiration  of  my  rations.  This 
I  succeeded  in  doing,  leaving  no  time  to  spare. 

The  Owl  River  country  is  practicable  for  campaigning  purposes  excepting  in  times  of 
heavy  rains.  Then  it  would  occasionally  be  impossible  to  move  wagons,  and  frequently 
impossible  to  move  artillery.  Of  water,  grass,  and  wood  there  is  plenty  for  ordinary 
military  purposes,  though  the  supply  of  the  latter  would  soon  be  exhausted  by  any 
permanent  military  establishment. 

In  projecting  marches  throngh  this  country,  it  would  be  well  always  to  consider  the 
rainy  season,  which  lasts  from  about  the  middle  of  April  to  the  middle  of  June,  as 
there  is  much  "  bad  land"  which  is  then  impracticable. 

GENERAL  DESCRITTION. 

If  a  stream,  that  ordinarily  could  not  be  navigated  by  a  ship's  yawl  for  a  distance 
of  one-half  mile  above  its  mouth,  is  at  all  entitled  to  be  called  a  *** river,''  then  this  is 
properly  the  Owl  River  instead  of  the  Moreau  River,  as  the  formeris  the  original  Indian 
name. 

The  stream  runs  throngh  a  rolling  prairie  country,  with  no  timber  beyond  small 
tikirts  aloiig  water-courses,  and  occasional  small  groves  in  ravine  heads.  It  has  no 
monntains.  The  elevations  amount  generally  to  prairie-hills,  eroded  from  an  original 
level  by  the  action  of  water.  The  presence  of  sulphur  is  everywhere  apparent,  and 
this,  in  connection  with  much  limestone,  gives  the  entire  country,  except  the  immedi- 
ate mouth  of  the  river,  more  or  less  of  a  '^  bad  laud"  character ;  nevertheless  there  are 
some  portions  that  would  make  excellent  farms  and  stock  ranches,  and  along  the  en- 
tire length  of  the  stream  the  quality  of  the  land  varies  through  all  the  different  grades 
from  excellent  to  worthless.  As  a  general  fact  the  land  is  meager  at  the  river  head, 
-and  improves  toward  the  mouth,  where  it  is  excellent. 

HUSBANDRY. 

The  winters  are  severe,  and  but  for  this  fact  this  would  make  a  stock  country  from 
good  to  excellent,  according  to  location.  For  a  few  vears  past  the  winters  have  been 
comparatively  mild,  and  acclimated  stock  has  lived  through  them  withont  shelter. 
But  the  Indians  tell  of  severe  winters,  in  which  men  and  animals  perished,  and  I  doubt 
if  it  would  be  prudent  to  attempt  the  raising  of  stock  unless  shelter  is  provided. 

Though  some  portions  of  Montana,  in  even  higher  latitudes  than  this,  are  becoming 
prominent  as  stock  districts,  it  must  not  be  overlooked  that  the  isothermal  lines  pass- 
ing there  are  warmer  than  those  passing  here. 

Many  plateaus  here  are  rich  in  gama-grass,  while  in  the  bottoms  other  good  varieties 
are  frequently  abundant. 

The  land  about  the  month  of  the  river  is  very  good  and  would  make  excellent  farms, 
and  here  limited  quantity  of  wood  is  the  only  drawback  for  farmers.  Tbe|plateau 
at  the  month  would  make  nicer  farms  than  the  bottoms,  tbongh  some  persons  would 
prefer  the  latter.  Indians  who  have  tried  farming  near  the  mouth  speak  highly  of  the 
result,  but  these  farms  were  on  the  Missouri  rather  than  on  the  Owl  River.  The  char- 
jicter  of  the  country  as  regards  husbandry  may  be  called  generally  excellent  from  the 
mouth  of  Owl  River  to  Virgin  Creek. 
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From  Virgin  Creek  to  Little  Morean  Creek  the  river  bottom  is  generally  bad,  wliile 
beyond  the  breaks  on  the  divides  the  land  is  generally  good. 

From  Little  Moreau  Creek  to  Clay  Bank  Butte  the  bottom  is  generally  bad,  vbile 
beyond  the  breaks  the  land  is  generally  fair. 

From  Clay  Bank  Bntte  to  the  mouth  of  Thunder  Creek  the  immediate  bottom,  which 
is  however  small,  is  generally  good,  sometimes  excellent,  as  at  the  mouth  of  Worthless 
Creek,  while  the  uplands  are  generally  bad,  mostly  entirely  worthless. 

From  Thunder  Creek  to  the  neighborhood  of  the  81im  Buttes  the  soil,  river  bottom 
and  uplands  alike,  becomes  gradually  more  meager  and  does  not  in  any  part  promise 
well  for  farming.  Some  portion  may  serve  as  grazing  grounds,  while  the  larger  portion 
is  good  for  nothing.  , 

Drought. — The  qnestion  of  "reasons,"  as  relates  to  rain,  must  remain  opeu  until 
observations  have  been  made  for  a  sufUcient  period  of  time.  My  information  leads  to 
the  belief  that  rains  cannot  be  depended  on  outside  of  the  rainy  season,  and  that  se- 
vere drought  during  the  hotter  months  is  the  rnle. 

Water. — Indians  say  that  this  stream  does  not  run  in  dry  seasons,  except  at  its  ex- 
treme heads ;  but  that  it  sinks,  stands  in  holes,  and  seeps  through  the  sand  and  j^avel, 
&c.,  and  that  then  the  water,  though  fit  for  pressing  needs,  is  poor  and  stinks.  This  is 
apparently  caused  by  sulphate  of  lime,  and  probably  applies  mainly  to  the  lower  river, 
as  at  the  stage-stand,  on  the  main  river,  I  was  informed  that  the  water  runs  a  little  in 
dry  seasons;  that  the  water  is  hard  when  high,  and  soft  and  better  in  taste  when  low. 
This  advantage  on  the  side  of  low  water  is  pi-obably  due  to  filtration  through  the  sand 
region  in  which  this  stage-stand  is  located. 

There  appear  to  be  no  well-defined  springs  tributary  to  this  river.  In  some  places, 
like  at  the  extreme  heads  in  the  Slim  Buttes,  water  is  said  to  run  the  year  rouud,  yet 
here  there  are  water- seeps  rather  than  springs. 

The  river  rises  rapidly,  according  to  the  amount  of  rainfall,  and  remains  up  for  con- 
siderable periods,  proportionately  to  the  same  cause.  From  a  small  and  almost  dry 
bed,  it  may  rise  in  one  night  to  a  rjishing  stream  fifty  yards  wide  and  as  many  feet 
deep,  while  it  may  be  nnfordable  during  the  entire  rainy  season. 

Wood. — Wood  is  comparatively  srarce.  AU  those  portions  of  the  river  bottom,  either 
subject  to  overflow  or  otherwise  unfit  for  farms,  might  be  utilized  in  the  cultivation  of 
Cottonwood,  and  could  thus  be  made  to  supply  the  immediate  wants  of  a  moderate 
farming  population. 

There  is  a  considerable  quantity  of  cotton  wood,  from  6  to  12  inches  in  diameter,  new 
the  mouth  of  the  river,  also  some  stunted  oak  and  some  ash. 

Wood  becomes  less  as  one  goes  up  the  river,  until  it  disappears  entirely  at  abont  15 
miles  from  the  heads;  at  those  heads,  however,  that  run  from  the  Slim  and  Short  Pine 
Buttes,  wood  is  again  found  in  the  shape  of  a  stunted  pine  only  fit  for  fuel. 

The  different  tributaries  have  more  or  less  wood,  generally  in  proportion  to  their 
sizes. 

Vegetation.— Many  localities  are  rich  in  gama  grass,  while  in  the  bottoms  other 
good  varieties  are  frequently  abundant.  Wild  leek,  many  varieties  of  sage,  carroway, 
and  many  other  aromatic  plants  are  indigenous  to  this  locality  and  grow  in  such  pro- 
fusion that  I  am  led  to  the  conclusion  that  sulphur  may  very  probably  be  the  ba.se  of 
their  odor. 

Artichokes  are  also  plentiful  in  spots.  The  Indian  turnip  (Pomme  Blanche)  is  abun- 
dant on  the  heights  from  about  the  middle  to  the  head  of  the  river.  This  is  a  good  sub- 
stitute for  bread  being  almost  entirely  of  starch.    The  hull  contains  a  yellow  dye-stuff. 

About  the  mouth  of  the  river  choke-cherries,  fox-grapes,  wild  plumbs,  black  currants, 
and  bull-berries  grow.  The  latt^  is  a  fruit  in  size,  color,  and  somewhat  in  taste  re- 
sembling the  red  currant.  It  grows  on  large  bushes,  is  acid  and  pleasant  to  the  taste, 
and  by  its  great  abundance  is  quite  an  important  frnit. 

Minerals  — Carbonate  of  lime  and  sulphur  are  the  most  prominent  mineral  features. 
I^ulphate  of  lime  is  found  in  varying  proportions  wherever  there  are  **  bad-land  "  signs. 
Satin  spar  is  the  predominating  sulphate  and  was  found  in  largest  quantities  on  Worth- 
less Creek. 

There  are,  in  the  Slim  Buttes,  beds  of  the  bitumiuous  coal  common  to  this  locality. 
It  is  associated  with  native  sulphur  in  large  proportion.  There  are  present  both  brown 
and  black  coal,  the  brown  overlying  the  black  strata.  This  coal  maJces  a  tolerable 
fuel. 

A  coarse  gray  marble  was  first  found  on  Red  Water  Creek,  where  it  had  evidently 
been  the  crown  of  a  bntte  now  washed  down.  This  marble  becomes  more  frequent  as 
one  approaches  the  Slim  Buttes.  These  buttes  are  crowned  with  it,  and  under  it  is 
found  a  deposit  of  quartz  sand  which  formed  the  sandstone  found  lower  down.  This 
sand  is  coarse  and  verging  toward  gravel. 

A  coarse  reddish  sandstone,  not  fully  formed,  through  which  specks  of  iron  ore  are 
disseminated,  constitutes  the  crowns  of  buttes  and  hills  in  the  neighborhood  of  Meadow, 
Red  Water,  and  Little  Moreau  Creeks.  The  same  stone,  without  the  iron,  is  found 
further  upstream. 
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Red  Water  Creek  neighborhood  is  underlaid  by  a  bed  of  lenticular  iron  ore.  From 
Babbit  Creek  to  the  mouth  of  the  river  strata  of  argillaceous  shale  are  of  frequent 
occurrence. 

Submarine  fossils  are  abundant  even  on  the  highest  points,  and  are  most  frequent 
on  the  southern  divide  of  Owl  River. 

But  a  few  specimens,  larger  than  a  walnut,  of  granitic  or  quartzose  rocks  are  found 
in  the  river  drift. 

No  flint  apparent  at  my  crossing  of  Flint  Rock  Creek.  Possibly  it  is  to  be  found  at 
the  White  tiarth  Mines,  which  are  probably  composed  of  an  impure  chalk-sand.  AU 
from  Mountain  Sheep  Creek  to  Flint  Rock  Creek,  on  south  side  of  river,  inclined  to 
be  sandy.  Sand-led^e  Creek  is  probably  the  center  of  the  sand  district.  It  is  serpen- 
tine, cutting  perpendicular  banks  on  alternate  sides  through  a  deep  stratum  of  brown 
eand,  slightly  agglutinated,  and  having  the  appearance  of  brownstone  ledges. 

There  is  no  gold  apparent.  I  washed  the  nver  drift  carefully  throughout  its  entire 
length,  and  could  not  obtain  a  single  **  color.^  The  great  quantity  of  quartz  sand  in 
the  Slim  Buttes  is  plainly  a  water  drift  from  some  other  locality,  where  any  gold  this 
quartz  may  have  contained  probably  still  remains. 

Game. — The  game  of  this  section  consists  of  white  and  black  tailed  deer,  antelopes 
in  great  numbers,  prairie-chickens,  some  beaver,  and  muskrat.  The  buffalo  no  longer 
range  here,  and  elk  have  been  driven  off,  though  an  occasional  one  may  still  be  found. 

From  the  mouth  of  Thunder  Creek  up  antelopes  were  so  numerous  that  it  required 
no  special  skill  to  kill  more  than  we  could  use. 

There  are  no  fish  in  this  river,  except  an  occasional  small  catfish  and  a  permanent 
gudgeon. 

Scenery.— There  is  but  little  remarkable  scenery  on  this  river.  Only  a  few  locali- 
ties differ  from  the  ordinary  aspect  presented  by  river-breaks  through  a  bare  roUiug- 
prairie  land.  The  Many  Buttes,  the  Slim  Buttes,  and  the  view  of  the  river  as  seen 
from  the  mouth  of  Worthless  Creek,  are  the  most  prominent  exceptions.  The  Many 
Buttes,  seen  on  a  misty  morning,  are  impressive  and  resemble  a  city. 

The  river,  as  seen  from  the  mouth  of  Worthless  Creek,  presents  a  picturesque  view. 
It  has  here  the  character  of  a  serpentine  ca&on,  cutting  its  way  deep  through  a  mount- 
ain TSLUge,  The  steep  land  slides  in  the  foreground,  tinged  by  oxide  of  iron ;  the  dark- 
green  skirting  of  cottonwood,  that  winds  into  the  distance  with  the  river;  the  lighter 
shades  of  green  in  the  various  patches  of  vegetation,  the  yellowish  Clay-bank  Butte 
in  the  left  center  of  the  picture,  all  form  harmony  of  outline  and  color  highly  pleasing 
to  the  eve. 

The  Slim  Buttes,  from  a  distance,  appear  as  a  range  of  mountains,  indistinct,  with 
dark-blue  base  and  white  outcroppings.  As  one  approaches  nearer,  they  appear  cov- 
ered with  stubbles.  This  is  the  stunted  pine  growing  on  them.  This  sudden  change 
of  scenery,  when  coming  from  the  prairies  to  the  buttes,  is  impressive.  In  the  one 
case  we  for  months  have  had  green,  rolling,  comparatively  smooth,  bare  prairies,  red 
land  slides,  and  cottonwood  skirts.  In  the  other,  we  suddenly  come  upon  the  dark 
lead  color  given  by  distance ;  the  rugged  range,  the  snow-white  spots,  and  pine  growth. 
But  a  few  steps  over  the  bounoary  line,  ana  we  have  a  change  that  could  not  be  ex- 
pected ordinarily  inside  of  hundreds  of  miles. 

In  going  from  one  character  of  country  to  another  it  is  usual  for  the  scenic  charac- 
teristics of  one  to  blend  gradually  into  those  of  the  other,  while  in  this  case  the  change 
is  abrupt. 

The  white  color  of  the  buttes  is  disintegrated  limestone  (gray  marble  in  this  case). 

In  the  "  breaks  *^  of  the  buttes  are  many  fantastic  formations.  Columns  are  found 
often  vertical  and  50  feet  high.  They  are  a  composite  of  coarse,  vitreous  quartz,  sand, 
and  lime,  slightly  agglutinated. 

Some  views  are  particularly  good,  principally  the  view  of  the  North  Pass.  From  a 
distance  it  resembles  a  brick,  tile-covered  village,  and  in  the  gap  there  are  three  col- 
umns resembling  turreted  castles,  and  as  though  built  th'ere  to  guard  the  pass. 

The  short  pine  hills  are  of  the  same  general  character  as  the  Slim  Buttes.  The  pine 
on  either  being  but  a  sprinkling  of  scrub. 

The  *^  bad-land  '^  slides  from  the  mouth  to  Little  Moreau  Creek  are  gray  to  blackish 
in  color.  From  Little  Moreau  Creek  to  Thunder  Creek  they  are  reddish ;  thence  to  Rab- 
bit Creek  they  change  to  whitish ;  theuoe  to  the  Slim  Buttes  iron  oxide  is  again  com- 
mon. 
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MISCELLANEOUS  REMARKS. 

Persons  andertaking  this  country  should  be  warned  that  generally  the  battes  are  so 
much  alike  that  one  is  apt  to  mistake  their  identity.    These  buttes  as  seen  from  dif- 
ferent sides  oan  only  be  recognized  by  takine  them  in  con- 
(/^  nection  with  some  other  point.    The  oonic^  the  Jai^eed- 
^^     \           J    topped,  and  the  tent-shaped  battes  are  most  dimcalt  in 
^ r^* —     /    this  respect. 

It  is  evident  that  larce  bodies  of  Indians  have  been 

(^,.,^^-^-*^>,^,^^^         V    located  on  this  river,  and  that  their  latest  camps  were  in 
y''^ ^'"^      )    the  vicinity  of  Slave  Battes.    There  are  large  Cottonwood 
stamps  here,  4  feet  in  diameter,  from  which  the  trees  have 
been  chopped,  and  there  being  no  more  large  trees  the  in- 

(r^\  \    f  erence  is  that  this  was  once  the  camping-eroand  of  many 

^^     '  X        )    Indians,  who  followed  the  growth  of  timber  until  it  was 
all  consumed  (they  destroy  much  by  feeding  their  ponies 
on  the  bark).    There  is  now  only  a  yobng  aftergrowth  of  trees  here. 

Fox  Ridge  is  an  abrupt  wash  on  the  south  side  of  the  divide,  between  the  Owl  and 
the  Cheyenne  Rivers,  caused  by  sulphur  action.  It  is  "  bad  land,^  worthless  and  im- 
passable for  wagons  when  well  wet.   • 

It  is  the  action  of  sulphur  on  rocks,  soil,  d^c,  causing  disintegration,  that  sapplies 
the  mud  held  in  suspension  by  the  waters  of  this  section,  and  from  which  the  Mis- 
souri River  derives  its  name.  The  soil  appears  to  swell  as  though  leavened  with  yeast> 
and  it  never  becomes  compact  again.  In  dry  weather  it  will  hardly  bear  a  pnlling 
mule,  and  in  rains  the  very  hill-tops  become  bottomless  quagmires. 

DERIVATION  OF  NAMES  USED. 

Bastion  Hill,  Named  by  myself  from  its  resemblance  to  a  bastion. 

Bear  Creek.  The  Indian  name. 

Clay-hank  Butte.  Named  by  myself  from  its  appearance. 

l)e^8  Ears.  The  Indian  name  derived  from  the  outline  appearance  of  the  buttes. 

Elk  JSilU.  Named  by  myself  from  Indian  tradition,  which  speaks  of  them  as  elk 
resorts. 

Flint  Bock  Butte.  The  Indian  name. 

Flint  Bock  Creek.  The  Indian  name. 

Fox  Bidge.  The  Indian  name. 

Little  Moreau  Creek.  Called  Little  Morean  River  on  a  previous  survey;  the  t-erm 
"  river"  cannot  be  properly  applied. 

Meadow  Creek.  Named  by  myself  from  the  appearance  of  the  land,  as  seen  from  my 
trail,  through  which  it  flows. 

Mountain  Sheep  Butte,  Named  by  myself  from  Indian  reports  which  speak  of  it  as 
the  only  locality  on  the  river  in  which  mountain  sheep  are  still  to  be  found. 

Mountain  Sheep  Creek,  Named  by  myself  from  its  relative  position  to  Moantain 
Sheep  Butte. 

Chcl  Biver.  This  is  the  original  Indian  name.    It  is  sometimes  caUed  Morean  River. 

Batched  Skin  Buttes,  The  Indian  name. 

Bahhit  Butte.  The  Indian  name. 

Babbit  Creek.  The  Indian  name. 

Bed  Earth  Creek.  Named  by  myself  from  the  pronounced  color  of  the  earth  in  spots. 

Sand-ledge  Creek.  Named  by  myself  from  the  sand  ledges  through  which  it  runs. 

Short  Pine  Hills.  The  accepted  name,  though  not  a  literal  translation  of  the  Indian 
term.  • 

Slate  Buttes.  The  Indian  name. 

Slim  Buttes.  The  accepted  name.  Thin  Buttes  being  the  translation  of  the  Indian 
term. 

Thunder  Buttes.  The  Indian  name. 

Thunder  Creek,  The  Indian  name. 

Twin  Buttes,  Name  adopted  from  a  previous  survey. 

Virgin  Buttes.  Named  by  myself  on  account  of  their  proximity  to  Virgin  Creek. 

Virgin  Creek,  The  Indian  name. 

Wedge-tent  Buttes.  Named  by  myself  from  its  outline  resemblance  to  a  wedge  tent. 

White  Earth  Mines.  The  Indian  name.  Worthless  Creek.  Named  by  myself  be- 
cause all  land  lying  on  it  appears  to  be  absolutely  worthless. 

I  have  only  given  names  where  Indian  or  other  names  were  unknown. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

William  Hoffman, 
First  Lieutenanty  Eleventh  Infantry, 
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SS  3. 

REPORT  ON  THE  MAMMALS  AND  BIRDS  OF  THE  GENERAL  REGION  OF 
THE  BIG  HORN  RIVER  AND  MOLT^TAINS  OF  MONTANA  TERRITORY,  BY 
CHARLES  E.  McCHESNEY,  ACTING  ASSISTANT  SURGEON,  UNITED  STATES 
ARMY,  1878. 

Fort  Sisseton,  Dakota., 

Xovember  22, 187t?. 

Sir  :  I  have  the  honor  to  traDsmit  herewith  my  report  on  the  mammals  and  birds  of 
the  Big  Horn  Region,  Montana  Territory. 

As  you  are  aware,  I  was  ordered  by  the  department  commander  on  the  10th  of  Jnly 
last  to  report  in  person  to  yon  at  Fort  Caster,  Montr,  for  duty  with  exploration  parties 
under  your  charge.  I  proceeded  with  all  possible  dispatch,  via  the  Missouri  and  Yel- 
lowstone Rivers,  to  that  post,  where  I  arrived  August  15,  lti7b,and  pendinj^  your  arrival 
I  examined  zoologically  to  as  great  an  extent  as  possible  with  the  facilities  at  my  com- 
mand the  region  around  Fort  Custer,  the  result  of  which  is  embodied  in  the  following 
pages. 

On  the  9th  of  September,  having  previously  received  a  communication  from  you 
stating  that  you  had  been  detained  in  Saint  Paul  by  other  duties  so  long  that  the  ex- 

floration  of  the  Big  Horn  Mountains  would  have  to  be  deferred  until  another  season, 
left  Fort  Custer  in  obedience  to  orders  assigning  me  to  another  field  of  duty.  Thus 
less  than  a  month  was  spent  in  examining  the  vicinity  of  Custer,  This  time  was  much 
too  limited  to  examine  thoroughly  that  extensive  and  interesting  region. 

Manv  species  of  birds  that  undoubtedly  spend  the  spring  and  summer  in  the  region 
had  taken  their  departure  before  my  arrival.  I  believe  that  instead  of  100  species  of 
birds  here  reported  on  much  nearer  200  would  be  found  by  careful  investigation  to 
occur  in  this  section  of  Montana,  and  the  number  of  mammals  would  be  increased  by 
several  species;  so  that  the  following  report  is  by  no  means  exhaustive  of  the  subject. 
The  classification,  d^c,  here  followed  is  in  strict  accordance  with  the  standard  works 
of  Dr.  Elliott  Cones,  U.  S.  A.,  so  far  as  his  publications  have  been  available. 

I  would  respectfully  recommend,  in  case  an  expedition  is  to  be  organized  to  examine 
this  country  during  the  coming  year,  that  the  zoologist  and  botanist  be  at  Fort  Custer, 
fuUy  equipped  and  ready  to  ti^e  the  field,  by  the  Ist  of  June,  as  otherwise  much  that 
is  of  great  scientific  interest  would  be  lost  by  a  later  start. 

I  cannot  close  this  letter  without  expressing  my  thanks  to  the  ofiQcers  stationed  at 
Fort  Custer,  who  did  so  much  to  render  my  stay  at  that  post  both  profitable  and 
pleasant. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

Charles  E.  McChesney, 
Acting  Assistant  Surgeon y  U,  S,  A» 
Lient.  Edward  Maguire, 

Corps  of  Engineers^  U.  S,  J,,  Chief  Engineer ^  Department  of  Dakota, 


CHAPTER    I. 

MAMMALS. 
MONODELPHIA  EDUCABILIA. 

Family  FELID^. 
Genus  FELIS.  Lino. 

Feu8  ceNCOLOR,  Linn. — Boeky  Mountain  Lion, 

This  lion  is  found  in  the  Big  Horn  Mountains  in  small  numbers.  I  tras  shown,  at 
Fort  Custer,  Mont.,  the  skin  of  one  that  had  been  killed  in  January,  1876,  in  the  Big 
Horn  Mountains ;  the  skin,  which  was  in  the  possession  of  Lieutenant-Colonel  Bueli, 
Eleventh  Infantry,  indicated  that  the  animal  had  been  an  average  one  in  size. 

This  lion  has  also  been  found  in  other  partd  of  Montana,  in  considerable  numbers, 
within  the  past  year  or  two. 
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Genus  LYNX,  Raf. 

Lyxx  canadensis  (Desm.),  UaU— Canada  Lynx, 

Was  first  observed  crossing  the  Yellowstone  River,  above  Fort  Keogh,  Mont.,  Aa- 
gust  10,  lH7a 

At  Fort  Custer,  "Mont.,  I  was  shown  a  skin  of  this  lynx,  belonging  to  LieuteuaDt 
RawoUe,  Second  Cavalry,  that  had  been  killed  aboat  40  miles  from  that  post  on  tbe 
Little  Horn  River,  in  February,  1K76. 

This  lynx  is  quite  oommon  in  the  mountains  and  foot>hills  along  both  the  6i^  and 
Little  Horn  Rivers^  a  few  miles  from  Fort  Custer,  Mont. 

The  skin  in  Lieutenant  Rawolle's  possession  I  refer  to  Ltfnjc  canadentu  rather  than 
to  L.  rnfus ;  although  it  is  not  a  typical  L,  cnnaden9\9,  still  it  comes  nearer  that  species, 
presenting,  however,  some  of  the  characteristics  of  the  L,  rufus,  Tbe  skin  may  have 
been  from  a  slightly  immature  specimen,  but  it  is  not  improbable  that  there  is  a  vari- 
ety of  L.  canadenns  inhabiting  the  region  of  the  Big  Horn  Mountains. 

CoL  A.  G.  Brackett,  of  tbe  Second  United  States  Cavalry,  to  whom  I  am  under  many 
obligations  for  valuable  assistance  rendered  me  at  Fort  Custer,  informs  me  that  he 
thinks  there  may  be  a  third  lynx  inhabiting  the  mountainous  region  under  considera- 
tion, as  he  has  there  seen  a  small  lynx  which  he  believes  to  be  ditferent  from  any  that 
have  bt'en  described  by  authors.  Should  this  prove  to  be  the  case  it  will  be  a  very 
interesting  discovery.  To  this  point  I  will  give  special  attention  should  it  be  my  for- 
tune to  again  visit  the  region  around  Fort  Custer. 

Lynx  rufus  (Gm.),  Raf. —^ay  Lijni ;   Wild  Cat. 

I  did  not  meet  with  the  wild  cat  during  any  part  of  my  travels,  but  it  is  said  to  be 
not  uncommon  throughout  the  general  region  visited,  especially  the  mountainoas  por- 
tions of  the  Big  and  Little  Horn  Rivers. 

Fa]«ily  CANID.E. 

(fENUS  CAKIS,  Lynx. 

Canis  lupus  occidentalis,  Cs.  and  Y&r.—Amerkan  Timber  Wolf, 

I  did  not  myself  observe  this  wolf,  but  Captain  Read,  of  the  Eleventh  Infantry,  in- 
formed me  that  he  had  seen  it  along  the  Yellowstone  River,  near  Terry's  Landing,  as 
also  in  the  immediate  vicinity  of  Fort  Custer. 

I  saw  several  skins  of  the  American  timber  wolf  at  a  trading  store  at  Baker's  battle- 
field, on  the  Yellowstone  River,  about  40  miles  from  Fort  Custer,  and  was  there  in- 
formed that  this  wolf  was  quite  common  in  that  locality,  and  that  the  skins  shown 
me  were  of  animals  killed  in  that  immediate  vicinity. 

Canis  LATRAXS,  Say.— PraiWe  Wolf;  Coyote. 

Is  quite  common  in  the  vicinity  of  Fort  Custer,  along  both  the  Big  and  Little  Horn 
Rivers.  I  also  saw  several  while  crossing  from  Fort  Custer  to  Fort  Ellis,  Mont.,  in 
September. 

Unless  seriously  threatened,  the  prairie  wolf  does  not  seem  to  be  particularly  afraid 
ef  man.  I  observed  that  they  would  run  to  a  safe  distance,  perhaps  800  or  1,000  yards, 
and  generally  stop  and  deliberately  view  the  intruder,  but  they  did  not  seem  anxious 
for  a  much  closer  acquaintance,  as  they  would  scamper  off  if  approached  a  little 
nearer. 

The  prairie  wolf  undoubtedly  does  his  full  share  in  the  way  of  destmction  to  the 
rabbits  and  ground  squirrels,  upon  which,  as  well  as  grouse  also,  it  frequently  makes 
A  dainty  meal. 

•  Genls  VULPES. 

VuLPES  VULGARIS  PENNSYLVANicus  (Bodd.),  Coucs. — American  Red  Fox, 

Is  found  in  small  numbers  in  the  \ncinity  of  Fort  Custer,  Mont.,  and  is  doabtless 

common  throughout  most  of  the  Big  Horn  region. 
The  variety  of  the  red  fox  known  as  the  cro88fdfox  is  represented  to  a  small  extent 

in  this  region.    I  was  shown  a  very  fine  skin  of  this  fox,  belonging  to  Lieutenant 

Huntington,  Second  Cavalry,  that  bad  been  killed  on  the  Little  Horn  Rivec,  about 

30  miles  above  Fort  Custer,  in  October,  1877. 

VULPES  MACRURUS  (Bodd.).— Zar^f  Prairie  Fox, 

Was  not  observed  on  the  trip,  but  is  known  to  inhabit  the  general  region  under  con- 
sideration. 
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Vi'LPES  VELOX,  Aad.  and  Bach.— 5ici/V  ;  Kit  Fox, 

Occare  in  considerable  nnmbers  along  the  Yellowstone  River,  and  is  qnite  common 
in  the  vicinity  of  Fort  Caster,  Mont.,  along  the  Big  and  Little  Horn  Rivers. 

Family  MUSTELID.E. 

Subfamily  MARTIN.E. 

Gexus  PUTOKITS.  Cavier. 

PUTORius  LONGICAUDA  {Rich,).— Long- tailed  Ermine, 

Are  found  in  considerable  numbers  in  the  vicinity  of  Fort  Custer.  I  observed  them 
in  the  pines  on  a  spur  of  the  Big  Horn  Mountains,  August  :30.  Are  known  to  occur  on 
the  Little  Horn  River  above  Fort  Custer. 

Measuranents  of  specimens. 


No.  445      No.  475 


From  tip  of  nose  to  eye 0.78 

From  tip  of  nose  to  ear 1.63 

From  tip  of  none  to  occiput 2.30 

From  tip  of  noee  to  tail 10.40 

Tail  to  end  of  vertebr» 7.50 

Length  of  forefoot L47 

Lenithof  hind  foot 1.92 

Width  of  palms 0.52 

Longest  fore  claw... 0.43 

Tail  black  tipped 2.40 

Height  of  ears 


d" 

0.67 
1.45 
2.11 
9.10 
4.50* 
LI9 
L75 
0.44 


0.6-2 


*  Tail  partly  lost. 

These  two  specimens  present  additional  proof  of  the  correctness  of  Dr.  Coues's  views 
that  this  ermine  should  be  compared  with  P,  hrasiliensis  var,  frenatus,  And  not  with 
Putorim  emUnea, 

PuTORics  (CYNOMYONAX)  NIGRIPES  (Aud.  and  Bach.),  Cones.— J werican  BUick-footed 
Ferret, 

Col.  A.  G.  Braokett)  United  States  Army,  in  a  letter  dated  Fort  Custer,  Mont.,  April 
11, 1879,  kindly  informs  me  that  he  has  a  black-footed  ferret,  which  was  caught  by 
some  Crow  Indians  on  the  Little  Big  Horn,  March  24,  IH79.  I  believe  this  is  the  first 
specimen  of  this  little-known  mammal  taken  in  that  section  of  Montana. — C.  E.  McC, 
Fort  Si88eton,.May  13, 1879. 

PuTORius  \^80N  (Schreb.),  Rich.— 3/inJfc. 

£\ndences  of  the  presence  of  the  little  brown  mink  are  to  be  seen  along  the  Little 
Horn  River  near  Fort  Custer,  Mont.,  aud  specimens  have  been  taken  along  the  Stink- 
ing Water. 

The  brown  mink,  however,  is  not  common  in  the  clear  and  cold  mountain  streams 
of  this  region,  and  I  doubt  if  it  be  such  waters  that  this  animal  prefers  at  all. 

The  mink  is  said  to  be  a  deadly  enemy  of  the  muskrat,  sometimes  entering  a  house 
and  destroying  all  the  inmates,  who  make  little  of  no  resistance ;  at  other  times  it  will 
enter  a  lake  inhabited  by  muskrats  and  in  a  short  time  cause  them  to  abandon  it. 

Subfamily  MEPHITIN^. 
Genus  MEPHITIS,  Gov. 

Mephitis  mephitica  (Shaw),  Bd,— American  Skunk. 

Was  found  to  occur  in  nnmbers  all  along  the  Yellowstone  River  from  Fort  Buford 
to  near  fort  Ellis;  was  common  at  Fort  Custer  and  along  the  Big  and  Little  Horn 
Rivers,  and  in  fact  throughout  the  entire  region  visited. 

The  bite  of  the  skunk,  so  fatal  in  more  southern  latitudes,  is  almost  unknown  in  the 
northern  regions.  I  have  never  (in  a  residence  of  over  eleven  years  in  Dakota  and 
Montana)  known  of  a  single  case  of  skunk-bite  to  occur  in  either  Territory,  although 
in  most  of  the  localities  that  I  have  visited  the  skunk  has  been  found  to  be  resident 
in  nnmbers.  It  is  probably  a  case  parallel  with  that  of  the  rattlesnake,  which  does 
not  strike  near  as  often  nor  is  its  bite  as  venomous  in  cold  as  in  a  warm  climate. 
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Subfamily  MELIN^. 
Gkkib  TAXIDEA,  Waterhouse. 

Taxidea  AMERICANA  (Bodd.)f  Bd. — American  Badger, 

Was  quite  common  at  Fort  Custer  when  the  post  was  established  in  Ir^l^  and  Btill 
occurs  in  considerable  numbers  in  that  vicinity.  Is  found  along  the  Rosebud  and 
Clark^s  Fork  in  numbers. 

The  badger  displays  a  considerable  amount  of  courage  when  occasion  requires,  some- 
times even  turning  on  man ;  and  I  have  seen  more  than  one  person  beat  a  precipitate 
retreat  under  such  circumstances. 

Subfamily  LUTRIN^. 

Genus  LUTRA. 

LUTRA  CANADENSIS  (Turtou),  Qnv.'—Xorth  American  Otter, 

Occurs  in  small  numbers  on  the  Little  Horn  River  near  Fort  Custer,  Mont.,  as 
probably  on  the  Big  Horn  also.  Is  found  in  numbers  on  Grass  Lodge  Creek  abont  30 
miles  from  Fort  Custer,  Mont. 

Family  PROCYONID^. 

IGexus  PKOCYON,  Storr. 

Procyon  lotor  (Linn.),  Storr.— /Raccoon. 

Is  occasionally  seen  along  the  Missouri  River,  but  I  did  not  meet  with  it  along  either 
the  Yellowstone  or  Big  Horn  Rivers,  and  I  doubt  whether  it  ascends  as  high  as  these 
rivers. 

Family  URSID^. 

Gexus  URSUS,  Linn 

Ursus  ARCT08  horribilis  (Ord.),  Cones  and  Yur,— Grizzly-Bear, 

Colonel  Brackett  showed  me  at  Fort  Custer  the  skin  of  one  that  had  been  killed  in 
December,  1877,  near  Little  Horn  River,  Montana. 

Is  common  in  the  Bighorn  Mountains. 

The  grizzly  bear  is  quite  fond  of  the  wild  plums  and  other  fruit  of  the  mountains  in 
season,  and  he  knows  when  the  season  for  them  has  arrived  as  well  as  man  does;  when 
feeding  he  does  not  like  interruption  in  the  shape  of  man's  intrusion,  which  he  will 
terribly  resent  if  the  person  is  not  well  on  his  guard.  I  found  but  few  hunters  who 
cared  to  have  anything  to  do  with  the  grizzly,  and,  as  for  myself,  1  am  free  to  confess 
that  I  am  no  aspirant  for  bear  honors. 

Ursus  amkricanus,  VaAl,— Black  Bear, 

Tracks  of  a  young  black  bear  were  seen  on  the  right  bank  of  the  Y'ellowstone  River 
near  Froze-to-death  (above  Fort  Keogh),  August  11. 

Is  quite  common  at  this  time  along  all  the  streams  running  into  the  Big  and  Little 
Horn  Rivers  near  Fort  Custer,  Mont.,  where  it  is  known  as  the  '^Cinnamon  "  bear. 
Occurs  throughout  the  Bighorn  Mountains  in  numbers. 

Variety  cinnammteus  is  represent^  very  largely  in  this  region. 

I  saw  robes  at  Baker's  battle-field  showing  almost  all  variations,  from  the  extreme 
black  to  the  pale  cinnamon  color,  that  had  been  taken  in  the  Bighorn  Mountains. 

While  the  black  bear  is  not  nearly  as  ferocious  as  the  grizzly,  still  he  will  make  a 
desperate  light  when  occasion  requires;  such,  for  instance,  as  when  he  has  been  slightly 
wounded  and  his  enemy  is  within  reach. 

Family  BASSARIDID^. 
Genus  BASSARIS,  Licht. 

Bassaris  ASTUTA.—Cifd  Cat', 

Was  seen  on  Snake  River  two  years  ago  by  Scott  Bonham,  an  old  and  experienced 
hunter  and  trapper  in  the  Bighorn  regiou. 

Oi  the  existence  of  this  cat  in  various  parts  of  Montana,  some  ten  or  eleven  years 
a^o,  I  have  been  assured  by  many  miners  and  others  who  had  observed  them  in  a  state 
ot  semi-domestication  in  several  of' the  mining  camps. 
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UXGULATA. 

Family  BOVID^. 

Grnus  bos,  LIdd. 

Bos  AMERICANUS,  Qm,^ Buffalo, 

The  first  buffalo  seen  on  the  trip  was  above  Fort  Keoffh,  Mont.,  August  10.  On  An- 
gnst  13  fonr  or  five  were  killed  at  Terry's  Landing,  on  the  Yellowstone,  by  members  of 
Captain  Conrad's  company,  Eleventh  Infantry.  Were  abnndant  about  Fort  Custer, 
and  were  killed  within  the  boundaries  of  the^post  twice  dnrinff  1878. 

The  Crow  Indians  are  now  killing  a  great  many  buffalo,  and  Blackfuot's  band,  num- 
bering about  30  lodges,  which  I  saw  encamped  on  the  banks  of  the  Yellowstone  River 
some  distance  below  the  mouth  of  the  Bighorn,  killed  over  400  during  the  months  of 
June  and  July,  1878.  I  saw  the  bones  of  several  lying  on  the  prairie  between  Terry's 
Landing  and  Fort  Custer. 

The  northern  band  of  buffalo  is  rapidly  being  exterminated,  and  this  not  so  much 
by  the  Indiaa  as  by  the  white  men  who  inhabit  and  pass  through  the  conntrv  through 
which  they  roam.  I  have  seen  the  most  reckless  slaughter  of  buffalo  by  white  men, 
when  they  had  no  use  for  and  could  not  even  secure  a  single  one  of  them ;  this  prin- 
cipally by  a  class  of  people  who  travel  on  the  steamboats  plying  between  Bismarck 
and  Fort  Benton,  on  the  Missouri  River,  most  of  whom  are  sane  enouffh  on  all  other 
points,  but  seem  to  think  they  must  endeavor  to  kill  every  buffalo  witnin  sight,  and 
many  a  poor  animal  is  wounded  and  left  to  drag  along  a  miserable  existence  until 
their  wounds  prove  fatal.  This  cla^  of  people  necS  the  application  of  the  law,  which 
if  stringently  applied  in  a  few  instances  would  do  much  to  relieve  the  present  state  of 
affairs,  but  time  and  distance  from  ofilcers  of  th^  law  both  serve  to  prevent  such  mer- 
ited punishment.  I  am  pleased  to  note,  however,  of  late,  a  growing  disposition  on 
the  part  of  captains  of  boats  to  put  a  stop  to  the  indiscriminate  shooting  from  their 
vessels. 

The  Indian  understands  and  heeds  too  the  importance  to  him  of  preserving  and  in- 
creasing the  buffalo,  and  there  is  no  reckless  slaughter  on  his  part.  If  all  the  meat 
secured  on  a  hunt  cannot  be  used  in  its  fresh  state  it  is  preservea  by  drying,  and  comes 
in  play  at  a  future  day ;  and  then,  too,  the  males  of  a  herd  only  are  killed  as  a  rule. 

The  years  the  Indians  can  now  exist  in  their  wild  state  are  numbered  by  the  supply 
of  buffalo,  and  there  can  be  no  doubt  but  that  the  number  of  these  is  being  rapidly 
reduced  each  year.  The  immense  herds  we  used  to  see  and  hear  of  on  the  Missouri 
River  some  ten  years  ago  are  now  unknown,  and  this  very  circumstance,  more  probably 
than  anything  else,  will  bring  the  Indian  in  a  short  time  to  cultivate  the  soil,  which, 
of  course,  he  can  only  do  when  on  terms  of  friendship,  or  at  least  at  peace,  with  the 
whites. 

Family  OYIDM, 

Oexls  APLOCERUS,  H.  Smith. 

Aplocerus  columbianus  (Desmont),  Cones,— Bocky  Mountmn  Goat, 
On  Pryor*s  Fork  of  the  Yellowstone  River  last  October  (1877),  and  about  50  miles 

from  Fort  Custer,  Mont.,  a  herd,  numbering  15  or  20,  was  seen  by  Corporal  Irwin, 

Second  Calvary,  who  succeeded  in  securing  one. 
The  Rocky  Mountain  goat  is  not,  however,  of  very  common  occurrence  throughout 

the  Bighorn  region. 

Gkxus  OVIS,  Linn. 

Ovis  MONTANA,  Cuv.— iJocily  Mountain  Sheep, 

A  flock  containing  8  or  10  animals  was  seen  on  the  cliffs  opposite  Sherman,  on  the 
Yellowstone  River,  June  6, 1878,  by  Colonel  Brackett,  who  informs  me  that  they  are 
common  in  the  Big  Horn  Mountains. 

Family  ANTILOCAPRlDiE. 
GKKU8  ANTILOCAPRA.  Ord. 

Antilocapra  AMERICANA,  Ord. — Prong-horn  Antelope, 

Is  common  throughout  the  region  traveled. 

An  interesting  account  of  the  shedding  of  the  horns  of  this  antelope  was  kindly 
furnished  me  by  Captain  Read,  Eleventh  United  States  Infantry,  who  observed  it  near 
Fort  Custer,  Mont.,  in  December,  1877,  in  a  spur  of  the  Big  Horn  Mountains. 
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The  first  occarrence  was  a^iout  December  12.  He  had  shot  an  antelope  thmt  bad 
shed  one  of  its  horns,  apparently  bat  a  very  short  time  before  being  killed,  and  the 
other,  horn  came  off  when  he  took  hold  of  it  and  without  the  exercise  of  any  force. 

On  a  subsequent  occasion,  during  the  same  month,  both  horns  of  an  antelope  he  had 
killed  were  removed  by  the  use  of  very  little  force,  showing  that  they  were  aboot  to 
be  shed  by  the  animal. 

Upon  careful  inquiry  among  hunters  and  mountain  men,  I  found  several  who  had 
personal  knowledge  of  the  shedding  of  the  horns  of  the  prong-horn  antelope,  and  all 
agreed  that  the  event  took  place  in  December,  while  many  men  with  good  opportunities 
for  observing  in  such  cases  seemed  somewhat  surprised  at  my  asking  them  if  they  ever 
knew  of  an  instance  of  this  kind,  replying  in  the  negative,  and  accompanying  it  with 
a  look  that  seemed  to  say  they  thought  me  a  little  *^green''  in  such  matters,  and 
would  inform  me  that  the  deer  was  in  the  habit  of  doing  such  things  but  not  the  ante- 
lope. 

Captain  Read's  account  is  interesting  from  the  fact  that  the  entire  horn  was  oast  off; 
the  snedding  of  the  velvet  has  been,  of  course,  lon^  known,  but  this  is  the  fir^t  instiwoe 
recorded,  so  far  as  I  am  aware,  in  which  the  casting  off  of  the  entire  horn  has  been 
geen  by  a  careful  and  thoroughly  competent  observer.  • 

Family  CERVID^E. 

Genus  CERVUS,  Linn. 

Cervus  canadensis,  Erxl. — Anierican  Elk, 

Is  quite  common  in  the  Big  Horn  Mountains ;  a  band  of  about  50  was  seen  on  a  small 
creek  running  into  the  Big  Horn  River  about  15  miles  from  Fort  Custer,  Angost  ?, 
1H78  ;  the  band  consisted  principally  of  cows  and  calves,  as  is  usual  at  this  season  of 
the  year. 

Genus  CARIACUS,  Gray. 

Cariacus  virginianus  (Bodd).    Gray.—  TTAitetoiTcd  Deer, 

Common  along  the  Yellowstone  River,  and  through  the  Big  Horn  region.  I  saw  a 
very  handsome  &wn  at  Fort  Custer,  Mont.,  that  ha4  been  brought  into  that  post  by 
Crow  Indians  in  June  1878. 

Cariacus  macrotis  (Say),  GT9,y,— Black-tailed  Beer. 

Common  on  the  Yellowstone  River,  as  also  in  the  vicinity  of  Fort  Custer  and  along 
the  Big  Horn  Mountains. 

I  suppose  the  question  I  have  of  late  seen  argued  pro  and  con  in  the  colamns  of 
"Forest  and  Stream,"  as  to  whether  the  deer  sheds  his  horns,  may  be  considered  as  set- 
tled in  the  affirmative.  That  such  is  the  case  I  have  been  assured  by  many  good  ob- 
servers, and  can  personally  bear  testimony  to  the  fact. 

MONODELPHIA   INEDUCABILIA. 
CHIROPTERA. 

Family  VESPERTILIONID^. 
Genus  CORYNORHINUS,  Allen. 

CoRYNORUiNUS  MACROTis  (Le  C),  Allen.— 5i^-eareci  BaU 

A  single  specimen  was  killed  in  an  officer's  quarters  at  Fort  Custer,  about  Jane  lo, 
1878,  and  was  identified  by  Colonel  Brackett,  as  C,  macrotis, 

I  saw  on  August  28  and  29,  in  camp  on  a  spur  of  the  Big  Horn  Mountains,  several 
bats,  but  none  were  secured.  Accepting  however  Colonel  Brackett's  identification, 
I  refer  them  to  C.  macrotis,  although  it  Is  not  at  all  improbable  that  more  than  one 
species  of  bat  occur  in  this  region. 

IXSECTIYORA. 

Family  SORICID.E. 

Grnus  SORBX,  Linn. 

SOREX  COOPERI,  Bach.— Cooper's  Shrew, 

Is  not  known  to  occur  in  the  region  traveled. 

At  Fort  Sisseton,  Dak.,  where  I  have  been  engaged  in  collecting  during  the  great<«r 
part  of  three  seasons  past,  Cooper^s  shrew  is  quite  common,  and  as  the  following  meaa- 
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nroments  have  not  yet  been  published,  I  inclnde  them  in  this  report,  with  certain  de- 
ductions therefrom  and  comparison  with  Sorex  pachyurus  to  be  found  under  the  head 
of  that  species. 
The  following  measurements  are  of  specimens  taken  at  Fort  Sisseton,  Dak., 


I 


From  tip  of  nose  to— 


Length  of— 


I 


No.     Sex.    !    Djite  of  collecting. 


'  AngnstS,  1877 ' 

'  ADgu8t25,  1877 

September  22,  1877... I 

'  October  26,  1877 ! 

;  October  36,  1877 | 

;  October  26,  1877 

I  November  13, 1877.... 
,  November  14,  1877 

November  19,  1877.. .. 

■  December  1, 1877 

;  December  4,  1877 

December  4, 1877 

December  4, 1877 ' 

December  10, 1877 i 

December  10, 1877 

December  18, 1877.... 

December  18, 1877 , 

Dccembef  18, 1877.... 

December  18, 1877 

December  18, 1877....: 
,  December 21, 1877.... I 

December  21, 1877 

:  December 22, 1877.... 

'  December  22, 1877 

,  December  24, 1877 .... 

.  February  16,  1878 

;  February  16,  1878 

Februarv21,  1873.... 

!  February  21,  1878 

I  February  21,  1878 , 

February  21,  1878.... i 

February  25,  1878 

March    1,  1878 

March   4.  1878 

March  13,  1878 

March  14,  1878 

.  March  15,  1878 

March  21,  1878 

,  March  21,  1878 ■ 

March  21,  1878 | 

I  March  21,  1878 

March  21,  1878 1 

March  22,  1878 ' 

I  March  22,  1878 j 

March  26,  1878 ; 

I  March  26,  1878 

i  March  26,  1878 

I  March  27,  1878 i 

I  March  27,  1878 

I  March  28,  1878 

!  March  30,  1878 | 

March  30,  1878 1 

I  April  4,  1878 , 

,  April  5.  1878 1 

;  April  8,  1878 

April  13.  1878 

:  May  16,1878 ...i 

'  May  16. 1878 

,  May  22,  1878 

May  26,  1878 

June  30,  1878 

July  11,  1878 ; 

,  July  12,  1878 


0.30 
0.29 
0.25 
0.31 
0.31 
0.30 
0.30 
0.32 
0.33 
0.35 
0.30 
0.25 
0.31 
0..12 
0.30 
0.29 
0.32 
0.31 
0.36 
0.34 
0.35 
0.25 
0.30 
0.35 
0.34 
0.37 
0.35 
0.33 
0.33 
0.37 
0.33 
0.32 


» 

0.56 
0.53 
0.54 
0  56 
0.58 
0.57 
0.50 
0.60 
0.66 
0.70 
0.65 
0.61 
0.55 
0.68 
0.65 
0.59 
0.61 
0.62 
0.65 
0.59 
0.68 
0.61 
0.59 
0.74 
0.68 
0.74 
0.69 
0.60 
0.65 
0.70 
0.60 
0.62 


0.78 
0.75 
0.72 
0.79 
0.81 
0.77 
0.73 
0.81 
0.83 
0.80 
0.76 
0  74 
0.81 
0.84 
0.73 
0.78 
0.76 
0.78 
0.80 
0.77 
0.77 
0.75 
0.71 
0.84 
0.78 
0.83 
0.80 
0.74 
0.80 
0.83 
0.78 
0.75 


0.34 
0.38 
0.35 
0.35 
0.31 
0.27 
0.30 
0.33 
0.35 
0.32 
0.31 

o.:» 

0.33 
0.35 
0.30 
0.33 
0.29 
0.30 
0.25 
0.27 
0.31 
0.30 

o.yi 

0.28 
0.30 
0.30 
0.34 
0.31 
0.31 
0.32 


0.65 
0.68 
0.68 
0.65 
0.67 
0.57 
0.58 
0.53 
0.65 
0.67 
0.63 
0.60 
0.55 
0.68 
0.50 
0.55 
0.55 
0.6L 
0.60 
0.00 
0.58 
0.66 
0.61 
0.60 
0.63 
0.63 
0.62 
0.64 
0.55 
0.62 


0.76 
0.82 
0.85 
0.84 
0.82 
0.74 
0.78 
0.78 
0.82 
0.78 
0.80 
0.81 
0.82 
0.82 
0.78 
0.78 
0.78 
0.80 
0.78 
0.81 
0.81 
0.80 
0.80 
0.78 
O.HO 
0.80 
0.84 
0.82 
0.78 
0.78 


1.90 
2.00 
1.90 
2.10 
2.05 
2.10 
2.00 
2.00 
2.15 
2.25 
1.90 
1.95 
2.15 
2.10 
2.10 
2  05 
1.95 
2.00 
2.05 
2.05 
2.10 
1.95 
2.10 
2.05 
2.10 
2.10 
2.00 
2.25 
2.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.00 
2.10 
1.85 
1.90 
2.05 
2  00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.15 
1.90 
1.90 
1.95 
2.00 
2.05 
SlOO 
1.80 
1.95 
2.15 
2.15 
2.15 
2.20 
1.80 
2.00 
1.60 
1.90 


1.50 
1.60 
1.40 
1.50 
1.50 
1.50 
1.60 
1.60 
1.60 
1.65 
1.10 
1.60 
1.95 
1.70 
1.40 
1.70 
1.70 
1.60 
1.65 
1.70 
1.70 
1.45 
1.70 
1.90 
1.55 
1.65 
1.70 
1.70 
1.55 
1.80 
1.50 
1.60 
1.70 
1.70 
1.75 
1.55 
1.70 
1.60 
1.45 
1.60 
1.60 
1.55 
1.70 
1.70 
1.50 
1.65 
1.85 
1.50 
1.50 
1. 45 
1.55 
1.45 
1.45 
1.50 
1.50 
1.65 
1.45 
1.50 
1.60 
1.60 
1.55 
1.50 
1.45 


I 


0.24 
0.20 
0.22 
0.25 
0.27 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.27 
0.27 
0.^8 
0  26 
0.25 
0.25 
0.25 
0.26 
0.25 
0.24 
0.24 
0.24 
0.29 
0.28 
0.27 
0.27 
0.25 
0.26 
0.27 
0.35 
0.27 
0.27 
0.27 
0.27 
0.27 
0.25 
0.26 
0.24 
0.27 
0.25 
0.26 
0.26 
0.26 
0.25 
0.25 
0.25 
0.27 
0.27 
0.25 
0.25 
0.27 
0.28 
0.28 
0.25 
0.27 
0.25 
0.26 
0.26 
0.23 
0.25 
0.27 
0.26 


0.37 

0.39 

0.38 

0.08 

0.42 

0.43 

0.40 

0.44 

0.49 

0.44 

0.45 

0.41 

0.42 

0.46 

0.43 

0.41 

0.41 

0.43 

0.42 

0.45 

0.42 

0.42 



0.41 

0.45 

0.47 

0.44 

0.44 

...;.... 

0.47 



0.42 

0.44 

0.47 

0.43 

0.46 

0.46 

0.47 

0.10 

0.47 

0.10 

0.45 

0.10 

0.45 

0.47 

0.10 

0.41 

0.09 

0.45 

0.10 

0.43 

0.10 

0.45 

0.10 

0.45 

0.10 

0.43 

0.10 

0.41 

0.46 

0.46 

0.10 

0.43 

0.10 

0.43 

0.09 

0.45 

0  09 

0.45 

0.09 

0.44 

0.09 

0.46 

0.10 

0.44 

0.08 

0.44 

0.08 

0.46 

0.08 

0.44 

0.09 

0.45 

0.09 

0.45 

0.09 

0.42 

0.00 

r^ 

0.09 

0.07 

0.41 

0.07 

;  From  the  above  we  .  ' 

1      obtain: 

I  Mean  of  thirty-five  d".     0.31        0.61         0.81        2.04        1.59        0.26        0.44  0.09 

Minimum  of  thirty- 
I      five  (^ 0.25        0.35         0.71         1.60         1.40         0.24         0.40  0.08 


Digitized  by 


Google 


2378 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


No. 


Sex. 


Date  of  collectiDg. 


From  tip  of  nose  to— 


'I 


Length  of — 


I 

£ 

o 


Maximum  of  thirty- 

1 

flved- 

0.35 

0.74 

0.85 

2.25 

1.95 

0.29 

Mean    of    twenty- 

three  $ 

0.32 

0.63 

0.80 

2.03 

1.58 

0.26 

Minimum  of  twenty- 

three  9 

0.25 

0.53 

0.72 

1.90 

1.10 

0.20 

Maximum  of  twenty-  1 

three  9 

0.38 

0.74 

0.84 

2.25 

1.80 

0.28 

Mean  of  58  specimens . . 

o.3r 

0.62 

0.80 

-.2.03 

1.58 

0.26 

§ 

s 

JS 

a 

^ 

W 

^ 

0.49 

a  10 

a43     < 

0.09 

0.37 

ao6 

0.47 

0.10 

0.43 

0.0* 

1.  Specimens  Nos.  373. 413, 429, 583,  and  584  have  been  excluded  from  these  results  for  obrioos  reaaons. 

2.  Serenteen  specimens. 

3.  Eight  specimens. 

4.  Twenty-five  specimecs. 

The  above  measaremonts  were  carefully  taken  in  the  flesh  by  myself,  and  agree  with 
resnlts  obtained  by  other  collectors. 

The  winter  of  1877-^78  was  an  nnnsually  mild  one  at  Fort  Sisseton,  and,  in  conse- 
quence, the  collecting  of  small  mammals  could  be  successfully  pursued,  and  many 
specimens  of  the  rarer  ones  were  taken,  with  a  comparatively  larse  number  of  Sores 
Cooperif  the  capture  of  which,  especially  during  the  winter  montns,  is  ordinarily  at- 
tended with  considerable  difficulty. 

I  have  had  almost  no  success  in  capturing  this  little  animal  during  the  summer ;  the 
few  specimens  secured  at  this  season  have  oeen  taken  alive,  and  endeavors  were  made 
to  keep  them  in  captivity,  in  order  to  observe  certain  important  and  unknown  physi- 
ological conditions,  and  although  I  tried  every  plan  I  could  think  of,  every  one  died 
within  two  days. 

Of  the  habits  of  Cooper's  shrew  I  am  unable  to  say  anything  positive  at  present. 
From  my  observation,  however,  I  believe  the  periods  of  gestation  and  lactation  to  be 
much  longer  than  among  the  species  of  the  nearest  alli^  family.  The  little  animal 
appears  to  be  unable  to  take  care  of  itself  when  in  the  least  difficulty.  Last  snmmer 
several  pits  were  being  dug  at  the  post,  and  every  morning  two  or  three  Cooper's 
shrews  were  found  at  the  bottom  of  them,  running  from  side  to  side,  but  they  nerer 
att-empted  to  climb  out  or  burrow,  and  from  the  latter  circumstance  I  surmise  their 
underground  homes  are  not  dug  to  any  depth. 

SOREX  PACHYURU8.— /S^rel^. 

Considering  S.  pachyurus  a  perfectly  valid  species,  I  include  below  a  list  of  measure- 
ments of  sis  specimens  that  I  am  unable  to  refer  to  auy  other  species  of  Sorex.  These 
specimens  were  taken  at  Fort  Sisseton,  Dak.  The  little  mammal  is  not  known  to 
occur  in  the  region  of  the  Big  Horn,  although  I  suspect  that  the  range  of  several  spe- 
cies of  shrews  is  much  more  extended  than  is  now  known. 


g^j^    I    Date  oi  collecting. 


.2 
s 


From  tip  of  nose  to — 


384 

X 

392 

x 

404 

cf 

416 

<f 

410 

cf 

446 

9 

December  1,1877....  I  0.40 
December  15, 1877....'  0.38 
December  24, 1877 ....  I      0.  40 

March  5, 1878 1      0.4-2 

Marchl4,1878 i      0.39 

March26,1878 1      0.40 

From  the  above  is  ob- 
tained— I 
Mean  o  f  s  i  x  speci-  ' 

mens 0.40  I 

Minimum  of  six  spec-  '  I 

imens 0.38 

Maximum  of  six  spec*  ,  ' 

imens. i      0.42 


0.70 

0.96 

0  80 

0.96 

0.73 

1.01 

0.72 

0.97 

0.69 

0.95  , 

0.77 

1.00 

i 

0.73 
0.69 


0.80 


0.97  I 
0.95 


1.01 


1 

1 

Length 

of- 

^ 

s 

Zf. 

et 

P< 

i 

St    1 

1 

i 

"5 

3       1 

«M 

x: 

■^    : 

a 

s 

0.58  '. 

2 

2.60 

1.65 

036 ; 

2.75  I 

1.90 

0.34 

0.58    . 

2.55  ! 

1.60 

0.36  1 

0.S2 

0.14 

2.50 

1.85 

0.34  1 

0  55  1 

0.1s 

2.50  ' 

1.90 

0.36 

a54 

a  12 

2.45  j 

1.90  , 

0.36 

a57  1 

0.14 

2.56  1 

1.80 

0.35  ' 

a54  1 

0.13 

1.45 

1.60 

0.34' 

0.52 

0.12 

2.75 

1.90 

0.36 

0.57 

a  14 
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I  shall  now  proceed  to  compare  these  results  with  six  specimens  of  Sorex  Cooperi 
taken  at  the  same  place,  and  most  of  them  on  the  same  day.  These  six  are  selected 
from  the  preceding  list  of  Sorex  Coopej'i,  and  will  be  found  to  be  mature  specimens,  and 
a  fair  comparison  can  therefore  be  properly  instituted  between  them  and  the  specimens 
of  S.  pachurm. 

Measurements  o/  six  specimens  of  S.  Cooperi, 


383 

896 

403 

415 

420  ; 

447 


lYom  tip  of  nose  to— 


Sex.    I    Date  of  collectius. 


6 


'  I  ■ 


December  1,  1877. 
December  19,  1877. 
December  24.  1877. 

March   4,  1878 

March  14,  1878 

March  26,  1878 


0.35 
0.36  I 
0.34  I 
0.34 
0  35 
0.35  , 


g 

H 


0.70 
0.65 
0.68 
0.65 
0.68 
0.68 


0.80 
0.80 
0.78 
0.76 
0.85 
0.82 


From  the  aboVQ  is 
obtained — 

Mean   of   six   speci- 
mens        0.35        0.59         0.80 

Minimum  of  six  spec-  ! 

imens !      0.34        0.65        0.76 

Maximum  of  six  spec- '  < 

imens 0.36  ,      0.70  ,      0.85 


2.25 
2.05 
2.10 
2.00 
2.00 
2.15 


2.09 
2.00 
2.25 


1.65 
1.65 
1.55 
1.70  1 
1.55  I 
1.85  I 


Length  of— 


2 

0.25 
0.26 
0.28 
0.27 
0.27 
0.25 


1.  66  I      0. 26 


I 


1.55  I 
1.85 


0.25 
0.28 


0.  4r, 
0.45 
0.44 
0.47 
0.47 
0.46 


0.45 
0.44 
0.47  , 


0.10 
0.10 
0.10 


0.10 
0.10 
0.10 


We  thus  see  that  in  only  twjo  instances  does  the  maximum  of  the  measurements  of 
these  six  specimens  of  S,  Cooperi  exceed  the  minimum  of  the  measarement  of  5.  pack- 
yuruSf  viz,  from  tip  of  nose  to  ear  0. 70  in  S.  Cooperi  to  0. 69  in  >S.  pachyurus,  and  in  lensth 
of  tail,  which  in  S.  Cooperi  is  1. 85  as  against  1.  60  in  minimum  of  is.  pachyurus;  and  it 
must  be  borne  in  mind  that  the  specimen  of  S.  Cooperi  showing  this  length  of  tail  is 
an  extreme  case,  nearly  0. 20  of  an  inch  above  the  average  length  of  the  six  specimens 
tuken  for  comparison.  All  the  other  measurements  are  below  the  minimum  ones  of 
the  six  specimens  of  Sorex  pachyurus,  and  the  mean  of  the  specimens  of  S,  Cooperi  is  con- 
siderably below  that  ol  5.  pachyurus. 

I  regret  that  the  number  of  specimens  of  S.  paohyurus  at  my  command  is  not  greater, 
but  I  do  not  believe  that  the  average  measurements  of  a  larger  number  would  give 
results  differing  matarially^  from  those  here  obtained. 

To  the  collector  the  difterence  between  the  two  species  is  very  striking.  S.  Cooperi 
is  a  lithe  animal,  and  never  presents  the  heavy,  stumpy  appearance  of  S.  pachyurus.  In 
fact,  to  such  an  extent  is  this  the  case  that  I  experience  no  difficulty  in  distinguishing 
the  two  species  on  sight. 

We  thus  find  on  comparing  specimens  secured  at  the  same  time  of  year,  in  the  same 
locality,  and  carefully  measured  in  the  flesh  by  the  same  person,  all  under  precisely 
similar  conditions,  and  then  showins  such  great  differences,  that  we  cannot  but  be 
dealing  with  two  different  species  of  tne  genus  Sorex, 

EODENTIA. 

Family  ZAPODID^. 

Genus  ZAFUS,  Coues. 

Zap  US  hudsonilts  (Zimm.),  C.  &  G,— Jumping  Mouse, 

The  jumping  mouse  is,  perhaps,  as  common  in  the  vicinity  of  Fort  Custer  as  at  most 
places,  as,  so  far  as  is  now  known,  it  is  nowhere  particularly  numerous. 
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Mea«arements  of  BpecimenB  taken  are  as  follows  : 


Sox. 


B 

"A 

196 

f^ 

2(h2 

r^ 

•JOC 

r 

207 

,'49 

210 

? 

SIX  , 

i 

212 

rf 

213 

^ 

214 

/ 

221 

,r 

222 

,-r 

223 

^ 

224 

V 

225 

,^ 

2:i4 

.r 

230 

'< 

Date  of  collecting. 


Jiily21,  11-77 0.42 

August  22. 1877 0.43 

Septombor  7,  1877 0.  3f< 

.St'ptember  7.  1H77 0.37 

Stplember  10, 1H77 0.40 

Sept«niber  10,  1H77 0,42 

St»pt«mber  11,  lt?77 0.40 

Siptember  11,  \€a 0.41 

September  11,  le77 0.41 

September  19,  lt07 0.35 

September  19,  1j?77 0.40 

Sept«mber  21,  l(?77 0.40 

September  21.  11^77 0.40 

September  21,  1877 0.41 

September  24.  Ie77 0. 35 

September  24.  lJ?77 0.  3« 


1  tip  of  nose  to— 

I 

Length  of— 

• 

li 

I 

s 

i 

S^ 

•a 

.J 

p 

1 

J 

e 

J3 

3 

1 

St 

1 

1 

-A-  — 

l_ 

1 

1 

^ 
i 

1 

0.  M 

1.00 

3.10 

5.00 

0.41 

1.06 

0.14 

0.46 

0.67 

0.96 

3.50 

4.70 

0.41 

1.07 

0.14 

0.46 

0.80 

1.07 

3.10 

5.50 

0.41 

1.11 

0.15 

0.3? 

0.75 

0.90 

2.90 

4.70 

0.38 

1.04 

0,12 

0.96 

0.77 

1.02 

3.10 

5.10 

0.J9 

1.12 

0.14  , 

a43 

0.74 

1.03 

3.20 

5.  CO 

0.39 

I.0« 

0.14  1 

0.47 

0.74 

1.02 

3.10 

5.00 

0.4L 

1.16 

0.  i.-^ . 

0.44 

o.7e 

1.00 

3.00 

4.M) 

0.41 

1.06 

0.14  i 

0.40 

O.HO 

1.04 

3.00 

5.10 

0.41 

1.16 

0.15 

0.4^ 

0.73 

0.97 

3.10 

5.00 

0.42 

1.07 

0.15 

0.46 

0.73 

0.97 

3.10 

5.00 

0.39 

1.10 

0.37 

0.75 

1.03 

3.00 

5,30 

0.45 

1.15 

o'ii" 

0.3& 

0.72 

0.98 

3.10 

5.25 

0.40 

1.13 

0.14 

0.38 

0.76 

0.93 

2.90 

5.00 

0.45 

1.12 

0.14 

0.40 

0.72 

0.9f» 

3.10 

5.00 

0.41 

1.13 

0.15 

0.40 

0.76 

1.03 

3.00 

5.10 

0.41 

1.10 

0.16 

a  40 

Family  MURID.E. 
Subfamily  MURIN-E. 

Ge.\U8  MUS,  Linn. 

Ml'S  musculus,  Linn. — Common  House  Mouse, 

Than  early  has  the  common  house  mouse  sncceeded  io  making  iU  way  to  the  Big 
Horn  region.    I  took  several  specimens  at  Fort  Custer  in  August,  1&/8. 

Gkxi  8  NEOTOMA.  Say  &  Ord. 

Neotoma  cinerea  (Ord.),  Baird. — Rocky  yfountain  Rat, 

Common  along  the  Yellowstone  River  above  Fort  Keogh.  At  Terry's  Landing  on 
the  Yellowstone,  just  above  the  motith  of  the  Big  Horn,  it  was  very  abundant,  and  at 
Fort  Custer  I  heard  complaints  of  the  damage  done  to  the  gardens  by  this  rat  and  of 
its  being  partial  to  watermelons. 

The  mountain  rat  is  a  great  thief,  carrying  off  almost  everything  it  can  lay  hold  of, 
without  regard  to  the  article  being  of  any  use  to  them  ;  thus  I  nave  heard  hanters 
and  others  speak  of  its  conveying  their  candles,  ammunition,  socks,  boots,  and  other 
articles  of  clothing  to  a  cache,  and  in  the  majority  of  instances  this  is  the  last  the  per- 
son knows  of  his  property. 

Genus  HESPEROMYS. 
SuiMiExrs  VESPERIMrS,  Cones. 

HESPEROMYS  (Vesperimus)  leucopus,  Raf. —  White-footed  Mouse, 
True  n,  leucopus  was  first  met  with  at  Terry's  Landing  August  13,  and  is  there  very 

abundant,  as  also  the  shorter- tailed  variety  known  as  Sonoriensis, 
At  Fort  Custer  I  found  both  to  be  common ;  in  fact,  they  are  the  characteristic  mice 

of  the  general  region  of  the  Yellowstone  and  Big  Horn. 


Digitized  by 


Google 


APPENDIX   SS. 
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s 


110 
372 
375 
376 
441 
455 
4^ 
487 

4:>a 

4?5 

4m 

•  498 
851) 
860 
861 
862 
^65 


Sex. 


From  tip  of  nose  to—    |   fe        Lenjztb  of— 


Pate  of  collecting. 


March86.  1877 0.46 

November  13,  1877 0.55 

November  14, 1877 0.52 

November  14,  1877 0.  46 

MftrchaC,  1878 0.49 

March  27.  1878 0.48 

June  17,  1878 0.50 

Janeai,  1878 0.50 

Janeau,  1878 0.45 

July  1,1878 0.48 

Jaly  1,1878 0.48 

Jaly3»ia78 0.48 

Aa^8tI8, 1878 0.54 

August  18, 1878 0.47 

August  18,  1878 0.53 

August  18,  1878 0.45 

August 30, 1878 0.60 


I  II 


0.93  ;  1.11 
0.  85  I  1. 24 
a  91  I  1.19 
0.  82  :  1. 10 


0.85 
0.90 
0.«0 
0.83 
0.78 
0.85 
0.82 
0.91 
1.00 
0.80 
0.96 
0.78 
0.97 


1.23 
1.13 
1.20 
1.09 
1.04 
1.07 
1.07 
1.10 
1.12 
1.04 
1.15 
l.Ol 
1.25 


g 


e   . 


3.60  I 

3.40  i 

a50 

3.U0  ! 

3.20 

3.40  I 

a  50  I 

2.80 

3.00 

3.00 

2.90 

3.05 

3.20 

2.80 

3.20 

2.75 

3.50 


2,60 
3.00 
3.25 
2.50 
2.50 
2.95 
2.75 
2.35 
2.25 
2.20 
2.50 
2.40 
2.90 
2.40 
2.75 
2.50 
3.00 


I  ;  I 

:     rs 

I    .9 


0.41 
a  45 

a  44 

0.38 
0.40 
0.40 
0.45 
0.40 
0.37 
0.44 
0.40 
0.34 
0.44 
0.40 
0.43 
0.42 
0.40 


a  of— 

« 

S 

2 

S. 

S 

i 

"S 

•s 

-a 

'9 

-a 

i5 

^ 

» 

0.69 

0.53 

0  81 

0.17 

0.48 

0.82 

0.18 

0.62 

0.70 

0.15 

0.55 

0.71 

0.16 

0.53 

0.75 

0.16 

0.57 

0.75 

0.15 

0.56 

0.68 

0.13 

0.53 

0.70 

0.15 

0.54 

0.70 

0.14 

0.54 

0.70 

0.14 

0.55 

0.72 

0.13 

0.55 

0.78 

0.18 

0.60 

0.71 

0. 15 

0.66 

0.76 

0.16 

0.64 

0.76 

0.15 

0.56 

0.78 

0.17 

0.68 

I  have  not  yet  completed  my  stndies  of  the  white-footed  mouse,  and  I  tlerefore  re- 
serve for  a  fuinre  occasion  much  that  I  have  to  say  regarding  it. 

SiiHJENUB  ONYCHOMYS.  Baird. 

Hespekomys  (Onychomys)  leucogaster  (Maxim.),  Baird.— If i»»0Mrt  Moune. 

A  specimen  was  secured  September  1,  1878,  at  Fort  Cusier,  Mont.  On  the  morning 
of  the  date  above  mentioned  Colonel  Brackett  called  my  attention  to  the  very  strange 
scene  of  an  encounter  between  this  mouse  and  a  young  hen.  The  endeavors  o(  the 
mouse  to  escape  the  pecks  of  the  hen  were  hnatly  successful,  and  it  succeeded  in  mak- 
ing its  way  under  a  board,  from  which  place  it  was  taken  in  a  dying  condition. 

This  occurrence  of  the  Missouri  mouse  at  Fort  Custer  extends  our  Knowledge  of  the 
geographical  range  of  this  species  very  materially,  as  it  is  now  known  to  range  from 
Fort  Sisseton,  on  the  Coteau  des  Prairies  of  Dakota  Territory,*  westward  beyond  the 
Yellowstone  River. 

The  specimen  taken  at  Fort  Custer  measured  as  follows : 

No.  887  ^ ,  collected  by  Dr.  C.  E.  McChesney. 

From  tip  of  n«  se  to  eye 0.58 

From  tip  of  nose  to  ear 1. 11 

From  tip  of  nose  to  occiput 1.47 

From  tipof  nose  to  tail 3.80 

Tail  to  end  of  vertebrie 1.90 

Length  of  forefoot 0.46 

Length  of  hind  foot 0.84 

Height  of  ears 0.55 

Width  of  t>alms 0.17 

Longest  whiskers 1 1.34 

Fort  Custer,  Mont.,  September  1, 1878. 

I  include  the  measurement  of  additional  specimens  of  this  little-known  mammal 
taken  at  Fort  Sisseton,  Dakota,  since  the  issue  of  my  notes  referred  to  and  now  published 
for  the  first  time. 

*  See  mv  notes  on  the  mammals  of  Fort  8i<i«eton,  Dakota,  in  B  illetin  Uuited  States  G-eological  and 
Oeograph'ical  Survey  of  the  Territories,  Vol.  iv,  No.  1,  pp.  205, 206,  and  207. 
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From  tip  of  nose  to —    ^  ^ 


Length  of— 


Sex.  Date  of  collecting. 


j  September  24,  1677 

I  May  17,  1878 

June  21,  1878 

,  June  22,  1878 

June  25,  1878 

June  30,  1878 

,  July  4,  1878 

;  July  6,  1878 1 

I  ' 

I  From  the  above  is  ob*  j 
i        tained—  I 

Mean*  of  seven  sped-  j 
I      mens ' 

Mean  of  twelve  speci-  > 

mens  before  taken  at  { 

t      FortSisseton I 

Minimum  of    nineteen 

I      specimens { 

I  Maximum  of  nineteen  1 

specimens , 

!  I 


% 

s 

a 

^ 

233 

rf  i 

480 

rr 

488 

489 

490 

r' 

491 

9 

499 

rT 

500 

9   49. 

1.- 

1 

i 

1 

1 

1 

1.07 

t 

1.35 

t 

§1 

'1 

0.50 

a 

a 

ii 

0.18 

0.54 

4.30 

1.60 

0.84 

0.43 

0.52 

0.94 

1.21 

3.60 

1.85 

0.55 

0.84 

a  19 

a60 

0.60 

1.07 

1.44 

4.00 

1.80 

0.60 

0.86 

1.40 

0.22 

a^ 

0.57 

1.03 

1.37 

4.10 

1.80 

0.54 

0.86 

1  21 

0.2i 

0.62 

0.53 

1.02 

1..38 

4.00 

1.80 

0.53 

0.87 

Lie 

0.«3 

0.59 

0.53 

1.00 

1.31 

3.75 

1.50 

0.53 

0.87 

1.23 

aw 

a64 

0.58 

l.Jl 

1.39 

4.00 

1.75 

0.47 

0.86 

L18 

0.21 

o.es 

0.51 

0.91 

1.28 

a50 

1.65 

0.47 

0.86 

1.25 

0.90 

0.60 

0.55 

1.03 

1.35 

a95t 

1.73 

0.53 

0.86 

1.94 

1 
0.21 

asd 

0.56 

1.03 

1.33 

4.25 

1.73 

0.52 

0.85 

0.21 

0.52 

0.45 

0.90 

1.20 

3.60 

1.17 

0.41 

0.78 

1.18 

a  18 

&44 

0.63 

1.20 

1.44 

4.90 

2.00 

0.63 

0.90 

1.40 

0.23 

a€7 

*  No.  500  excluded  on  account  of  age. 

t  This  mean  differs  0.30  of  an  inch  from  that  of  Uie  12  specimens,  which  is  probably  to  be  aoooonted 
for  by  the  immaturity  of  specimens  Nos.  480  and  491,  which  it  would  be  better  to  exclude. 

Subfamily  ARVICOLIN^E. 

Gknub  ARVICOLA.Lac^pide. 
Subgenus  PEDOMTS,  Baird. 

Arvicola  (Pedomys)  AU8TERU8  CURTATU8,  Copo,  Baird.— Prairi€  Meadow  Mouse, 
A  specimen  of  var.  curtatu8f  captured  in  the  grain-honse  at  Fort  Caster,  spring  of 

1878,  was  forwarded  by  Colonel  Brackett  to  the  Smithsonian  Institution,  where  it  was 

identified  by  Professor  Baird. 
I  did  not  sncceed  in  taking  any  specimens  of  this  moase,  and  I  do  not  think  it  is  at 

all  common  in  the  Big  Horn  region. 

Genus  FIBER,  Cuvier. 

Fiber  zibethicus  (Linn.),  CvLyieT.—Mtiskrat, 

Occnrs  in  small  numbers  on  the  Little  Horn  River  above  Fort  Caster  Mountain,  and 
is,  perhaps,  to  be  found  in  other  of  the  mountain  streams  of  the  Big  Horn  region,  but 
on  account  of  the  presence  of  the  mink,  and  perhaps  of  other  enemies,  it  is  not  com- 
mon in  this  section. 

Family  GEOMYIDiE. 

Genus  THOMOMYS,  Maxim. 

Thomomys  talpoides  (Rich.),  Baird.— For/  Union  Gopher, 

Saw  the  mounds  of  pouched  gophers,  which  probably  belonged  to  this  species,  cross- 
ing from  Custer  to  Fort  Ellis  Mountain.    No  specimens  were  taken. 

Family  SCIURID.E. 


SciURUS  HUDSONius,  Pallas.— 7?e(i  Squirrel. 
Occurs  in  numbers  in  the  Big  Horn  region  wherever  there  is  pine  timber. 

Tamias  striates,  Linn.— C/tipmMwA:. 

Is  common  in  the  blufifs  and  around  the  pine  trees  near  Fort  Custer  Mountain. 
quadnvittatus  1  believe  to  be  represented  in  the  region  of  the  Big  Horn. 


Var. 
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Spermophilus  tridecem  LINEATU8  (Mich.)}  And.  and  B&ch.Striped  Prairie  Squirrel, 
Is  common  at  the  mouth  of  the  Yellowstone  River,  and  along  that  stream  as  far  as 
Fort  Keogh,  after  leaving  which  point  it  appeared  to  rapidly  diminish  in  numbers,  and 
I  saw  none  aronnd  Fort  Custer,  or  on  the  trip  to  Fort  Ellis,  although  it  doubtless 
occurs  through  that  section,  though  perhaps  in  small  numbers. 

Genus  CTXOMTS,  Raf . 

CYNOMY8  LUDOViciAXUS,  Baird.— PratVie  Dog, 

8aw  quite  a  number  August  14, 1878,  on  the  high  land  abov%  Terry's  Landing  on  the 
Yellowstone  River,  and  also  along  the  road,  at  intervals,  to  Fort  Custer,  where  the  ani- 
mals are  to  be  seen  on  every  pleasant  day  frolicking  about  the  parade-ground. 

Colonel  Brackett  informed  me  that  they  were  out  of  their  holes  on  every  fine  day 
during  the  winter  of  1877-78  at  Fort  Custer,  and  that  in  the  spring,  when  the  severe 
snow  and  rain  storm  of  March  flooded  the  parade  ground,  the  dogs  became  very  tame 
and  went  into  the  men's  quarters  for  shelter,  even  eating  in  the  barracks  almost  out  of 
the  men's  hands. 

I  have  seen  many  attempts  made  to  domesticate  the  prairie  doe,  but  none  that  were 
thoroughly  successful,  as  they  seemed  ever  ready  to  bite  on  the  slightest  provocation 
and  to  return  to  their  wild  state. 

Genus   ARCTOMYS,  Schrober. 

Arctomys  FLA VI venter,  Aud.  and  BAc\i,—YellotC'beUied  Marmot, 

Are  common  in  the  vicinity  of  Fort  Custer,  where  their  boles  may  be  seen  in  lar^e 
numbers  on  the  hills  south  of  the  Little  Horn  River.  Also  found  in  numbers  in  the  Big 
Horn  Mountains. 

Family  CASTORID.E. 

Gexus  castor,  Linn. 

Castor  canadensis,  Kxi\ii,—American  Beaver, 

Evidences  of  the  presence  of  the  beaver  were  numerous  all  along  the  Missouri  River 
from  Bismarck  to  Fort  Buford,  and  also  along  the  Yellowstone  River  from  the  latter 
place  to  Terry's  Landing,  from  July  25  to  August  14.  I  saw  trees  from  12  to  18  Inches 
throuffh  that  had  been  entirely  cut  off  by  the  levers.  Is  common  on  the  Big  and  Little 
Horn  Rivers. 

I  was  informed  at  Fort  Custer  that  many  beaver  skins  had  been  brought  into  that 
post  for  trade  in  the  spring  of  1878,  and  were  taken  by  trappers  in  the  vicinity  of  the 

gost,  along  the  Big  and  Little  Horn  Rivers.    Several  young  were  brought  to  Fort 
uster  for  trade  by  the  Crow  Indians  May  29,  1878. 

Family  HYSTRICID^. 

Genus  ERETHIZON,  F.  Cuvier. 

Erethizon  epixanthus,  BTMidt—TeUoW'haired  Porcupine, 

A  large  and  fine  animal  of  this  species  was  seen  by  Captain  Spaulding,  Second 
Cavalry,  near  the  banks  of  the  Little  Horn  River,  about  two  miles  from  Fort  Caster, 
August  1«  1878,  and  another  was  seen  the  latter  part  of  May  in  the  Bad-lands,  about 
20  miles  from  Fort  Custer,  near  the  mouth  of  Rotten  Grass  Creek. 

Family  LEPORIDJE. 

Genus  LEPrS,  Linn. 

Lepus  Campestris,  Bach,— Xorihern  Prairie  Hare. 

Occurs  in  small  numbers  throughout  the  Big  Horn  region ;  several  were  shot  at  Fort 
Custer  in  the  spring  of  1878. 

Lepcs  sylvaticus,  Bach.— Gray  Rabbit, 

Is  common  all  along  the  Big  Hor«  River,  from  Terry's  Landing  to  Fort  Custer  and 
above  that  post. 

I  also  found  it  abundant  amon^  the  pines  in  a  spur  of  the  Big  Horn  Mountains  Au- 
gust 27  and  28, 1878.  I  believe  this  rabbit  to  be  abundant  throughout  Montana  and  ad- 
lacent  country. 
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In  the  vicinity  of  Fort  Custer  I  foand  that  this  rabbit  lived  in  bnrrows  almost  ex- 
olosively,  coming  oat  during  the  day-time  for  their  airing,  and  when  disturbed  awav 
from  their  holes,  concealing  themselves  under  a  convenient  lumber  pile,  from  which 
they  were  frequently  taken  aflive  by  some  enterprising  cook,  just  in  the  nick  of  time 
to  be  served  at  the  coming  meal. 


CHAPTER    II. 

Birds. 

Order  PASSERES. 

Family  TURDIDiE. 

TuRDUS  MiGRATORius,  Linn.— i?oWw. 

Colonel  Brackett  informs  me  that  the  robin  is  quite  abundant  at  Fort  Custer  in  the 
spring-time,  and  that  it  breeds  in  that  vicinity.  I  met  with  none  in  the  immedimte 
vicinity  of  that  post,  but  saw  several  about  the  middle  of  September,  while  on  the 
road  to  Fort  Ellis,  Montana. 

TuRDUS  N.tvius,  Gm.— ranV<f  Thrush, 

August  20, 187H,  I  found  this  thrush  in  numbers  in  the  timber  along  the  Big  and 
Little  Horn  Rivers,  near  Fort  Custer. 

Specimen  No.  666  S  furnish  the  following  measurements :  16.00x10.00;  wing,  5.00; 
tail,  3.70 ;  tars.,  1.32 ;  middle  toe  and  claw,  1.11 ;  bill,  1.67. 

TURDUS  SWAIX80NI,  Ca,h,—OUr€'haik  Thrush, 

Seen  in  a  spur  of  the  Big  Horn  Mountains  August  30  in  some  numbers.  I  believe 
the  olive-back  thrush  breeds  in  this  region. 

Oroscoptes  montanus,  Towns. — Mountain  Mocking-bird, 

I  did  not  find  the  mountain  mocking-bird  at  all  as  common  as  I  expeoted  in  this 
region.  1  saw  a  few  in  a  spur  of  the  Big  Horn  Mountains  August  28,  29,  and  30,  as 
al^  in  crossing  to  Fort  Ellis  in  September,  but  they  did  not  seem  to  be  present  in  anj 
numbers;  but  I  doubt  not  it  is  far  more  abundant  earlier  in  the  season. 

MiMUS  CAROLINENSIS  (Linn.),  Gr,—Catbird, 

A  few  were  seen  along  the  Yellowstone,  below  Fort  Keogh,  Montana,  but  above  that 
post  1  did  not  meet  with  this  bird,  and  I  do  not  believe  it  ascends  that  river  to  any 
.great  distance.  It  was  very  common  along  the  Missouri  at  and  above  Bismarck,  and 
it  probably  advances  with  or  slightly  ahead  of  civilization,  although  I  have  met  with 
it  it  in  small  numbers  far  inla  nd  in  suitable  localities ;  still,  for  the  most  part,  the  cat- 
bird prefers  to  be  near  man's  habitations. 

Harporhynchus  RUFU8  (Linu.),  Cab.— ^rotrw  Thrush, 

Three  thrashers  were  seen  August  27  and  28  in  a  spur  of  the  Big  Horn  Mountains; 
but,  as  elsewhere  in  mv  experience  with  this  bird,  I  found  them  very  shv. 

Specimen  No.  671  i  furnishes  the  following  measurements :  13.25 X  11.50 ;  wing,  4.22 ; 
tail,  5.30;  bill,  1.13;  middle  toe  and  claw,  1.13. 

Family  SAXICOLID^. 

SiAUA  ARCTICA,  Sw. — Arctic  Bhiehtrd. 

In  the  pine  region  I  found  this  bluebird  to  be  verv  common.  Observed  in  a  apor  of 
the  Big  Horn  Mountains  August  27, 28,  and  29,  and  also  crossing  to  Fort  Ellis,  Montana, 
in  September.    Doubtless  breeds  in  the  pines  of  the  Bighorn  region  in  large  nombeia. 

Specimens  collected  furnish  the  following  measurements : 

No.  877  (J,  12.50X6.60;  wing, 4.25;  tail, 2.57;  tars., 0.93;  middle  toe  and  claw, 0.82; 
bill,  0.52. 

No.  878  9 ,  13.00x6.90 ;  wing,  4.50 ;  tail,  2.65 ;  tars.,  0.94 ;  middle  toe  and  claw,  0.^  ; 
l>U1.0.53. 


Digitized  by 


Google 


APPENDIX  ss.  2385 

Family  CIXCLID^. 

CixcLUS  MEXICAN  us,  Sw.—  Uater  Ouzel. 

From  the  accoants  of  huntero  and  trappers  the  water  onzel  is  found  in  the  streams 
in  the  Big  Horn  Mountains.  A  bird  behaving  very  strangely,  they  tell  me,  is  occasion- 
ally seen  in  that  region,  which,  from  their  description  of  its  actions,  can  be  no  other 
than  C,  niexicanus. 

F.1MILY  PARID^E. 

Parus  ATRiCAPiLLUS,  L.  VAR  SEPTEXTRiONALis,  Harris. — Long-taiUd  Chukadee, 

August  20  at  Fort  Custer  I  secured  seyeral  specimens  of  the  long-tailed  chicka^lee  in 
the  woods  along  the  Little  Horn  River ;  observed  them  in  the  pine  region  in  lar^e 
numbers ;  in  fact  they  were  the  characteristic  bird  of  the  pines  at  the  time  of  my  visit 
the  latter  part  of  August.    I  doubt  not  they  breed  in  this  region. 

The  specimens  secured  measure  as  follows : 

No  868  5 ,  8.50x5.60.  Wing,  2.80 ;  tail,  3.00 ;  tars.,  0.72;  middle  toe  and  claw, 0.54  ; 
bill,  0.39. 

No.  876  ^ ,  8.65x5.50.     Wing,  2.70;  tail,  2.75 ;  tars.,  0.73 ;  middle  toe  and  claw,  0.53. 

Parus  montanus,  Qamh,— Mountain  Chickadee, 

I  did  not  meet  with  the  mountain  chickadee  anywhere,  but  it  is  known  to  inhabit 
the  general  region  under  consideration.  All  the  specimens  of  chickadees  taken  seemed 
to  be  referable  to  the  preceding  variety. 

Family  SITTID.E. 

SiTTA  CAROLiNEXSis,  Gm.—< 'flro/i/ia  Xuthalch. 

In  a  spur  of  the  Big  Horn  Mountains  August  29  I  secnred  a  single  specimen  of  true 
S.  CarolinensiSy  as  per  measnrement  of  bill.    This  was  the  only  bird  of  the  species  seen. 

No.  880  i .  10.00X5.30.  Wing,  3.45 ;  tail,  1.90 ;  tars.,  0.67 ;  middle  toe  and  claw,  0.74  ; 
bill,  0.69 ;  at  base,  0.17. 

Family  TROGLODYTID.E. 

Salpixctes  obsoletus,  Say. — Rock  JVren. 

The  rock  wren  was  observed  in  small  numbers  while  crossing  from  Custer  to  Fort 
Ellis  in  September. 

Troglodytes  aSdon  V.  var.  parkmax.vi,  (And.)  Couen,— U  extern  Houf^e  Wren, 

August  20,  saw  several  western  house  wrens  in  the  woods  along  the  Little  Horn 
River,  near  Fort  Custer,  Montana. 

Family  ALAUDID.E. 

Eremophila  alpestris  (Forst.),  Boie. — Homed  Lark. 

Colonel  Brackett  informs  me  that  this  bird  was  abundant  at  Fort  Custer  during  the 
winter  of  1879  and  1878,  and  in  the  spring  of  1878.  I  observed  it  every  day  during  the 
entire  period  of  my  stay  at  Custer  in  August  and  September  and  consequently  I  infer 
that  the  bird  is  resident  in  the  Big  Horn  region. 

Meanurements  of  8i>ecimen  No.  601  $  :  13.00x7.50;  wing,  4.12;  tail,  3.00. 

Family  MOTACILLID.E. 

Neocorys  spRAOUEi,  Sclat. — Missouri  Skjflark, 

I  observed  but  one  bird  of  this  species  on  the  entire  jonraey,  and  tliat  one  was  seen 
when  crossing  from  Custer  to  Fort  Ellis,  in  September. 

Family  SYLVICOLID.E. 

Dexdroeca  -ESTIVA  (Gm.),  Bd. — Summer  TtJloichird, 

The  summer  yellowbird  was  everywhere  abundant.  From  Bismarck  up  the  Missouri 
and  Yellowstone  Rivers  and  throughout  the  Big  Horn  region  it  was  the  most  common 
of  all  the  birds  met  with. 

Specimen  No.  869  9   measures  as  follows:  P.00x5.10;   wing,  2.40;  tail,  l.*^r>;  tars., 
0.80;  middle  toe  and  claw,  0.55  ;  bill,  0.:i7. 
L50  E 
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Dendbceca  aududoxi,  Towns.— JM/fM&on*«  If'arbler, 

Among  the  pineti  in  a  spar  of  the  Big  Horn  Moautains,  Aagnst  27, 28,  and  29, 1  found 
this  warbler  in  nnmbtrs.     It  was  not  observed  elsewhere  on  the  expedition. 

No.  875  <J,Hii0x5  50;  wing,  3.00;  tail,  2.35;  tars.,  0.83;  middle  too  and  claw,  0.68 ; 

Hpeoimeus  secured  furnish  the  following  measurements: 
bill,  0.45. 

No.  879  9 ,  8.70x5.00 ;  wing,  3.00 ;  tail,  2.35 ;  tars.,  0.85 ;  middle  toe  and  claw,  0.69 ; 
bill,  0.47. 

ICTKRIA  viREXS  (Linn.),  lid. —  Yelhic  breasffd  Chat. 

Was  observed  several  times  in  September  on  the  journey  from  Fort  Custer  to  Fort 
Ellis,  Mont. 

Family  HIRUNDINID^. 

HiRUNDO  iiORREORUM,  Barton.— -fiarw  Stcallow, 

Is  not  common.  A  few  specimens  were  secured  along  the  Little  Horn  River,  near 
Fort  Custer.    I  also  observed  it  occasionally  along  the  Yellowstone  River. 

Specimens  measure  as  follows: 

No.r>43  <^,  12.70x5.70;  wing,  4.55;  tail,  3.80;  tarsus,  0.45;  middle  toe  and  claw,  0.57 ; 
bill,  0.25. 

No.  867  ^,13.00x6.10;  wing,  4.90;  tail,3.35;  tar8U8,0.50;  middle  toe  and  claw, 0.60; 
*ill.  0.30. 

Petrochelidon  lunifroxs  (Say),  Cab. — Cliff  Swallow, 

Was  very  common  along  the  Yellowstone  River,  between  Fort  Keogh  and  Terry's 
Landing.  The  nests  of  these  birds  were  seen  in  great  numbers  on  the  clifls  overhang- 
ing the  river  banks.  Often  a  favorable  place  would  be  thickly  covered,  and  I  have 
seen  where  their  nests  extended  nearly  half  a  mile  with  scarcely  a  bare  spot. 

Specimens  secured  measure  as  follows : 

No.  645,  ^  12..50X5.70;  wing,  4.18  ;  tail,  1.94. 

No.  646,  $  12.50x6.20;  wing,  4.05;  tail,  2.10. 

XOTYLE  RIPARIA,  Linn.— ZJait^'  Swallow. 
xOccnrs  in  considerable  numbers  throughout  the  Big  Horn  region. 

ProGNE  PURPUREA  (Linu.),  Boie.—Purjyle  Martin. 

Is  not  common  in  this  region.  A  single  pair  only  were  seen  along  tho  Yellowstone 
River  Angust  9. 

Family  AMPELID.E. 

AMPELid  CEDRORUM,  (V.),  Bd.— Cedar  Bird. 

Was  observed  along  the  Yellowstone  River  above  Fort  Custer  in  September,  as  also 
among  the  pines,  though  not  in  any  numbers. 

Family  VIREONID.E. 

YiREO  SOUTARIU8,  WiU.— Solitary  Vires. 

Seen  August  30  in  small  numbers  among  the  pines  in  a  spur  of  the  Big  Horn  Mount- 
ains.   One  specimen  only  was  secured  representing  the  pale  variety. 

No.  8ri6  ^ ,  9.95  X 5.70 ;  wing,  3.25 ;  tail,  2.28 ;  tarsus,  0.80 ;  middle  toe  and  claw,  0.63 ; 
bill,  0.41 ;  spur  quill,  0.60. 

Family  LANIID.E. 

CoLLURio  ludovicianus,  L.  var.  excubitorides,  S^.—  li'hilo-rumped  Shrikt. 
Was  observed  in  the  mountains  in  some  numbers. 

Family  FRINGILLID.E. 

Leucosticte  TEPHROCOTiSt  Bw.—Graif'Crowned  Findi. 

In  a  letter  recently  received  from  Col.  A.  G.  Brackett,  United  States  Army,  dated 
Fort  Custer,  January  26, 1879,  he  says :  "  In  November  laat  I  saw  some  g^^y-erowiied 
finches  at  Fort  Keogh,  and  on  the  2d  of  January  saw  quite  a  large  flock  here." 

I  can  readily  understand  the  appearance  of  this  bird  at  Fort  Custer  in  January,  as 
such  is  in  accord  with  the  testimony  of  the  majority  of  observers,  but  its  occurrence 
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at  Fort  Keogh  in  November  is  an  interesting  observation,  as  the  altitnde  of  that  post 
is  mnch  less  than  that  of  Fort  Caster,  and  the  natural  route  of  the  bird  to  Fort  Keogh 
should  be  by  way  of  Fort  Custer,  but  careful  search  may  yet  show  it  to  be  nearly  resi- 
dent in  the  Big  Horn  Moantains.~C.  £.  McC,  Fort  Sisseton,  D.  T.,  March  1,  0^9, 

CiiRYSOMiTRis  TRISTIS  (Linu.),  Bj^.—ThUtle  Bird, 

Observed  along  the  Yellowstone  River,  August  13,  1878.  Colonel  Brackett  informs 
me  it  is  quite  common  along  this  river  during  the  summer  months.  On  August  24 1  saw 
a  g^at  many  at  Fort  Custer,  and  all  the  adults  were  in  the  September  plumage,  but 
the  birds  of  the  year  had  not  yet  undergone  this  change. 

Chrysomitris  PINU8,  Wils.— Piwc  Finch. 
Was  seen  in  small  numbers,  crossing  from  Fort  Custer  to  Fort  Ellis,  in  September. 

PLKCTROPnANES  N1VAU8,  Meyer.— 5now  Banting, 

Through  the  kindness  of  Colonel  Brackett,  I  am  able  to  add  the  snow  bunting  to 
the  list  of  birds  of  the  Big  Horn  region.  In  a  letter  dated  Fort  Caster,  Mont.,  Aprilll, 
1879,  he  informs  me  that  snow  buntings  were  observed  there  during  the  latter  part  of 
the  winter,  the  first  he  had  seen  in  that  region. — C.  £.  McC,  Fort  Sisseton,  May  13, 
1879. 

Plectrophanes  0RNATU8,  Towns. — Chestnut-collared  Longspiw. 

I  saw  a  number  of  quite  large  flocks,  from  40  to  100  birds  in  each,  early  in  Septem- 
ber.   They  had  evidently  just  arrived  from  the  north. 

Specimen  No.  615,  <J  10.75x6  00. 

Specimen  No.  616,  <J  10.50x6.00. 

PoOECETES  ORAMINEU8,  Gm.  var.  COXFINI8,  Bd. —  JVcateni  Grass  Finch, 

Throughout  the  whole  of  the  Big  Horn  region  this  finch  is  very  common.  Breeds 
over  its  entire  range. 

Spizella  monticola  (Gm.),  Bd,—Tree  Sparrow. 

I  did  not  find  the  tree  sparrow  at  all  common.  A  few  were  seen  on  the  road  from 
Terry's  Landing  to  Fort  Custer,  but  I  did  not  meet  with  it  either  on  the  Yellowstone 
or  the  Big  Horn  Rivers. 

Secimen  No. 605  furnishes  the  following  measurements:  9.37x6.38 ;  wing,  3.00;  tail, 
3.00. 

Spizella  socialis  (Wils.),  Bp.  var.  Arizon.e,  Cones. — Arizona  Chipping  Sparrow, 
I  did  not  meet  with  this  bird  alon^  the  wooded  streams,  but  in  a  spur  of  the  Big 

Horn  Moantains,  August  29,  I  saw  quite  a  number.    One  specimen  only  was  secured, 

the  measurements  of  which  are  as  follows: 
No.  884,J,  8.50-f5.20;  wing,  2.70;  tail,  2.50;  tarsus,  68;  middle  toe  and  claw,  62; 

biU,  0.35;  at  base,  0.20. 

Spizella  pallida  (Sw.),  B^.^C lag-colored  Sparrow, 

Was  quite  common  in  the  bottom  north  of  Custer,  where  I  observed  it  in  August  and 
September. 

Chondestes  grammaca,  Say. — Lark  Finch. 

Is  quite  common  among  the  pines  in  the  mountains,  where  I  saw  a  great  many,  Au- 
gust 29. 

Specimen  No.  88:)  c^,  measures  as  follows :  10.50  X  6.30;  wing,  3.30 ;  tail,  2.68 ;  tarsus, 
0.79;  middle  toe  and  cUw,  0.77 ;  bill,  0.47 ;  at  base,  0.30. 

Calamispoza  bicolor  (Towns.),  Bp. —  JVhite-winged  Blackbird. 
Occurs  throughout  the  region  of  the  Big  Horn  in  numbers  during  August ;  migratory. 

PiPiLE  MACULATUS  var  ARTICA,  8w,^Arctic  Towhee, 

I  saw  bat  a  very  few  arctic  towhees  at  Fort  Custer.  August  24 1  secured  a  specimen, 
and  another  was  taken  on  the  30th  in  a  spur  of  the  Big  Horn  Mountains. 

No.  874 <?,  measures  as  follows:  10.55  x  8.00;  wing,  3.:»;  tail,  3.60;  tarsus,  1.13; 
middle  toe  and  claw,  1.06 ;  bill,  0.52. 
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Family  ICTERID.E. 

DoLiciiONYX  ORYZivoRi'S  (Linn.),  Sw.— i?icf  Bird, 

The  rice  bird  I  did  not  find  to  be  at  all  common  in  the  Big  Horn  region.  A  few  were 
seen  on  the  Yellowstone,  Angnst  13. 

It  is  possible  that  this  bird  had  bred  and  taken  its  departure  before  my  arrival  at 
Fort  Custer. 

Specimens  taken  measure  as  follows : 


638 
639 
648 


By  whom  ooUect«d. 


cT  Dr.  C.  E.  McChesney 
cf  Dr.  C.  E.  McChesney 
<f    I  Dr.  C.  E.  McChesney 
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MoLOTHRUS  ATER  (Gm.),  Sw.—Cowbird. 
Was  very  comnion  along  the  Yellowstone  River  and  at  Fort  Custer,  Mont. 
No.  614  9 ,  measuies  in  extent  13.50 ;  length,  8.50. 

Agel^us  PH(EincEUS  (L.),  Y'leiil.^Hed'Winged  Bluckhird, 

Was  not  seen  above  Bismarck  on  the  Missouri,  and  I  do  not  believe  this  blackbird 
enters  the  Big  Horn  region. 

Sturnella  magna  (L.),  Sw.  var.  neglecta  (And.),  Alien.— Tfcsf^m  JF%eldlar]c. 

The  western  fieldlark  I  found  everywhere  very  common,  especially  so  along  the 
Yellowstone  River  above  Fort  Custer,  where  it  had  already,  September  10th,  congre- 
gated in  flocks,  and  were  probably  about  to  depart. 

Specimens  taken  measure  as  follows : 

No.  608X16.50X9.50. 

No.  609x16.75x10.00. 

No.  610x15.75x9.75. 


Icterus  bullocku,  Hp.—Bulhcl^e  Oriole, 

In  a  letter  dated  Fort  Custer,  Mont.,  June  7, 1879,  Colonel  Brackett  kindly  conveys 
to  me  information  of  the  occurrence  of  this  oriole  at  that  poet  on  that  date,  and  that 
he  also  observed  on  that  day  a  golden  eagle. 

I  have  no  doubt  but  that  BuUock's  Oriole  breeds  in  the  Big  Horn  region. 

This  raises  the  number  of  Icteridte  to  7,  and  the  total  to  103.— C.  E.  McC,  Fort 
Sisseton,  June  26,  1879. 

ScOLECOPHAGUS  CYANOCEPHALUS  (Wagl.),  Cskh.—Blue-hecded  Grackle, 

Was  observed  at  Fort  Custer  on  September  7  in  large  number ;  was  not  seen  else- 
where ;  the  birds  made  their  appearance  at  Custer  on  the  morning  of  September  7,  and 
must  have  come  some  distance,  as  I  had  not  previously  met  with  them  in  the  general 
region.    They  had  not  taken  their  departure  when  I  left  the  post  on  the  9th. 

QUISCALUS  PURPUREU8,  (Bartr.)  hicht— Purple  Grackle, 

Was  obseryed  in  numbers  at  nearly  every  wood-yard  on  the  Yellowstone  above  Fort 
Keogh ;  was  common  at  Fort  Custer ;  in  fact  wherever  there  were  signs  of  civilization 
the  purple  grackle  was  to  be  found. 

Specimen  No.  612  ^  measures  16.75  in  extent  and  12.50  in  length. 

Family  CORVID.E. 
CoRVUS  CORAX,  Linn.— i?at'e«. 

Was  seen  in  large  numbers  on  the  Yellowstone  above  Fort  KeoglJ,  Mont.,  as  also 
at  Terry^s  Lauding.  In  the  vicinity  of  Fort  Custer  is  common.  Breeds  throughout 
this  portion  of  its  range. 

Specimen  No.  (>65  i  measures  as  follows :  40.00x22,25;  wing,  13.00;  tail,  7.00;  bill, 
2.61 ;  at  base,  1.20. 
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CORVUS  AMERICANUS,  Aud. — Common  Crow, 

The  commoD  American  crow  was  met  with  Sept-ember  9th  in  large  nambers  near 
Baker's  battle-field. 

PiciCORVus  COLUMBIAN  us  (Wila.),  Bp.— C/arA:'»  Croiv. 

I  met  with  Clark's  Crow  only  in  the  mountains,  where  I  saw  a  great  many  August 
28,  29,  and  30,  1878. 

Pica  melanolkuca  Vieill.  var  iiudsoxica,  Sab. — American  Magpie. 

The  first  magpies  observed  was  on  August  13,  crossing  the  high  table  land  between 
Terry's  Landing  and  Fort  Custer,  Mont.,  where  they  were  found  in  numbers,  common 
throughout  the  mountainous  portion  of  the  Big  Horn  region. 

I  heard  the  same  complaints  of  the  damage  done  by  this  bird  to  sore-backed  animals 
here  as  elsewhere,  and  found  it  to  be  universally  despised  by  the  mountaineers,  none 
of  whom  ever  ha(>a  good  word  to  say  for  it. 

•  Family  TYRANNID.E. 

Tyrannus  carolinensis  (L.),  'QA.—Kinglird, 

Was  very  common  along  the  Yellowstone  River  in  August  and  at  Fort  Custer  in 
September. 

The  kingbird  appears  ever  ready  to  exhibit  the  pugnacious  character  from  which  it 
has  received  its  name.  I  have  many  times  seen  it  sally  forth  from  a  quiet  perch  and 
fearlessly  attack  the  largest  birds  of  prey,  and  although  it  would  frequently  alight  on 
their  backs,  I  do  not  believe  that,  while  it  may  have  annoyed,  it  did  any  real  damage, 
as  it  soon  leaves  its  seat,  and  the  larger  bird  does  not  appear  to  pay  any  particular  at- 
tention to  the  circumstance  from  beginning  to  end. 

Specimens  secured  furnished  the  following  measurements: 

No.  633  9  14.85X8.45;  wing,  4.6:5;  tail,  3.35;  tarsus,  0.72;  bill,  0.70. 

No.  644  $  14.90x8.50;  wing,  4.43;  tail,  3.54. 

Tyraxnus  verticalis,  ^s^y.— Arkansas  Flycatcher, 

Was  observed  everywhere  along  the  Yellowstone  and  Big  Horn  Rivers,  but  did  not 
appear  to  be  as  common  as  the  preceding  species. 

I  have  never  seen  this  bird  exhibit  any  of  the  pugnacious  character  of  its  near  rel- 
ative, T.  cfirolinensis.  and  I  had  been  led  to  believe  it  was  a  well-behaved  bird;  but 
Mr.  Henshaw,  on  page  342  of  his  report  upon  the  zoology  of  the  geoloscical  and  geo- 
graphical survey  west  of  the  100th  meridian,  in  charge  of  Lieutenant  Wheeler,  United 
States  Engineer  Corps  (chap.  3,  vol.5,  Washington,  Government  Printing  Office,  1875), 
states  that  it  possesses  all  the  force  of  action  and  pugnacity  of  the  kingbird. 

Specimen  No.  659  ^  measured  as  follows:  1.5.75  X  8.90;  wing,  5.20;  tail,  3.92;  tar- 
sus, 0.75;  middle  toe  and  claw,  0.77  ;  bill,  0.G4. 

Sayornis  sayus,  Bp.— Say's  Flycatcher. 

Occurs  along  the  Yellowstone  in  small  numbers.  A  few  observed  at  Fort  Custer, 
but  it  appeare<l  to  be  in  larger  numbers  in  a  spur  of  the  Big  Horn  Mountains  than 
elsewhere,  although  of  the  four  species  of  flycatchers  this  one  is  the  rarest  in  the  Big- 
Horn  region. 

No.  881  ^  measures  as  follows:  12.50  X  7.20;  wing,  4;  tail,  2.20 ;  tarsus,  0.79;  mid- 
dle toe  and  claw,  0.65 ;  bill,  0.55. 

CONTOPUS  viRENS  (JL..),  var.  Ricii/.r.DSOXH  (Sw.),  Coues.^We^tern  Wood  Pewee, 

Was  quite  common  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers,  as  also 
among  the  pines  in  the  mountains. 

Measurements  of  specmens. — No.  870  (^,  10.70  x  6,50;  wing,  3.40;  tail,  2.41;  tarsus, 
0..^^;  middle  toe  and  claw,  0.47 ;  bill,  0.51.  No.  871  $ ,  10.10  x  6.10  ;  wing,  3.10 ;  tail, 
2.29 ;  tarsus,  0.57 ;  middle  toe  and  claw,  0.46 ;  bill,  0.50. 

Order  Pi^^art^e. 

Family  CAPRIMULGID.E. 

Antrostomcs  NUiTALLi,  Aud. — XuttalVs  WhippoorwilL 

A  pair  were  heard  on  the  evenings  of  August  28  and  29,  while  in  camp  on  a  spur  of 
the  Big  Horn  Mountains.    They  would  come  and  sit  on  some  tall  pine  within  a  quar- 


*  See  end  of  report. 
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ter  of  a  mile  of  oar  camp,  but  on  opposite  sides  of  it,  and  ntter  their  shArpy  wild  cry, 
generally  dropping  the  first  syllable  of  their  name,  bat  occasionally  it  woald  be  takea 
np.  It  was  so  dark  both  evenings  that  no  endeavor  was  made  to  capture  them,  which 
I  expect  would  have  been  attended  with  considerable  difficulty,  as  tbey  were  very 
shy,  and  would  fly  a  little  further  awa^  from  camp  when  any  noise  was  made  and 
continue  uttering  their  peculiar  cry,  which,  becoming  fainter  and  fainter,  ^was  finally 
lost  in  distance. 


CnoRDEiLES  viRGiNiANi'S  var.  Henryi,  Coues.—  Jl'estem  Xighthawk, 
Is  common  almost  everywhere  in  the  Big  Horn  region.  Breeds  throughont  its  range. 
I  have  often  seen  this  bird  on  cloudy  days  on  the  wing  in  search  of  its  food  ;  baton 
the  bright  and  warm  days  of  summer  I  have  only  met  with  it  in  the  woods,  where  it 
selects  some  secluded  spot  where  the  surroundings  are  as  favorable  in  regard  to  color, 
&.C.,  as  possible,  and  from  which  sometimes  start  up  almost  within  a  peraon's  reach. 

Specimen  No.  647  ^  measures  as  follows  :  22.75  X  9.30;  wing,  7.75;  tail,  4.37;  taraos, 
0.55 ;  middle  toe  and  claw,  0.70. 

Family  TROCHILID^. 

Selasphorub  rufus  (Gm.),  Sw.—iJ^/biw-feacAed  Humming-bird. 

Some  of  the  gentlemen  who  were  serving  at  Fort  Caster  daring  the  summer  of  1878 
will  recall  with  a  smile  our  several  attempts  to  capture  humming-birds  on  the  Caster 
bank  of  the  Big  Horn  River. 

The  humming-birds  we  observed  I  have  not  yet  thoroaghly  satisfied  myself  as  to 
where  they  should  be  placed,  but  I  put  them  provisionally  under  the  head  of  the 
rufous- backed,  as  that  is  the  sole  boreal  representative  of  the  family,  so  far  as  is  now 
known ;  and  it  is  not  improbable  that  future  investigations  will  show  that  it  ocean 
in  the  Big  Horn  region. 

Family  ALCEDINID.E. 

Cerylk  alcyon  (L.),  Boie,— Kingfisher. 

The  belted  kingfisher  was  qnite  common  along  the  Yellowstone  River  from  Fort 
Keogh  to  near  Fort  Ellis,  Mont.,  but  I  did  not  meet  with  it  on  the  smaller  interior 
streams. 

Family  PICID^. 

Picus  viLLOsrs,  L.  var  Harrisi  (And.),  Allen.— i/amV  n'ood2)ec1cer, 

A  single  woodpecker  seen  at  Fort  Custer,  Mont.,  August  20,  is  believed  to  belong 
here,  although  it  was  not  secured. 

Picus  pubescess,  L.— Dotrw/^  Woodpecler. 

Several  were  observed  among  the  pines  August  13  on  the  road  from  Terry's  Land- 
ing to  Fort  Custer,  in  company  with  the  brown-headed  woodpeckers. 

Sphyrapicus  thyroideus  (Cass.),  Bd.— Brown-headed  Woodpecler. 

Throughout  the  entire  Big  Horn  region  this  woodpecker  occurs  in  numbers.  Even 
high  up  in  the  mountains  among  the  pines  it  appeared  to  be  as  much  at  home  as  among 
the  trees  of  the  river  bottoms. 

Measurements  of  specimens  are  as  follows : 
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Melakerpes  erythrocephalus  (L.),  Sw.— Fed-headed  Woodpeeler. 

Very  common  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers ;  was  also  seen 
in  some  numbers  in  the  mountains. 
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Specimens  measure  as  follows : 
No.  655,  $  17.75X9.30. 
No.  a56,  9  17.25x0.50. 

No.  ^5,  $  17.80x10.00;  wing,  .5.70;  tail,  3,27;  tarsus,  0.95;  middle  toe  and  claw, 
1.08;  bill,  1.12. 

COLAPTES  AURATU8,  {h.)—Gold€u-wingcd  Woodpecker. 

Was  occasionally  seen  while  ascending  the  Yellowstone  River,  above  Fort  Keogh, 
Mont.    Was  very  common  in  the  woods  alongr  the  Little  Horn  River,  near  Fort  Cnster. 

The  two  species  of  Colaptea  were  found  astfociated  with  the  red-headed  woodpecker 
throughout  the  entire  region  traveled. 

Specimen  No.  677  i  measures  as  follows:  19.00x11.75;  wing,  6.25;  tail,  4.50. 

CoLAPTES  MEXiCANUS,  Sw.— 7?rtf-«/*<i/fed  Woodpecker. 

Is  common  throughout  the  Big  Horn  region ;  is  fonnd  in  company  with  the  preceding 
species. 

All  the  species  of  woodpeckers  treated  of  in  this  report  breed  in  the  Big  H«»m  region. 

Specimen  No.  864  ^  measures  as  follows;  19.30x12.25;  wing, 6.50;  tail|4.30;  tarsus, 
1.30;  middle  toe  and  claw,  1.25 ;  bill,  1.26. 

Order  EAPTOKES. 

Family  STRIGID.E. 

Bubo  virginianus  {Gm.),Bp.— Great  Homed  Owl. 
This  owl  is  found  in  suitable  localities  in  this  region ;  not,  however,  in  any  numbers. 

Braciiyotus  palustris  (Bechst.),  Bp.—Short-eared  Owl. 

The  only  owl  of  this  species  I  saw  was  on  August  30,  when  returning  from  camp  on 
a  spur  of  the  Big  Horn  Mountains  with  Captain  Read,  Eleventh  Infantry.  The  bird 
was  very  shy,  and  was  not  secured. 

Speot^to  cunicularia,  Mol.  var.  hypog^a,  Bp.^Burrowing  Owl. 

Is  resident  throughout  the  Big  Horn  region ;  wherever  there  is  a  prairie-dog  village 
this  owl  will  be  found. 

Family  FALCONID.E. 

Falco  COLiMBARius,  L\nn.— Pigeon  ffawk. 

Was  seen  several  times  along  the  Yellowstone,  above  Fort.  Keogh,  Mont.,  and  was 
again  met  with  August  27  in  a  spur  of  the  Big  Horn  Mountains  in  considerable  num- 
bers. 

Falco  sparverius,  hinji.— Sparrow  Hawl\ 

Was  abundant  everywhere  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers, 
as  also  in  the  mountains. 

Specimen  No. 872  ^  measures  as  follows:  22.75  X  10.50;  wing, 7.50;  tail,  5.30;  tarsus, 
1.32;  middle  toe  and  claw,  1.14;  bill,  0.46. 

BuTEO  BOREALis  (Gm.),  VieiU.  var.  calurus  (Cass.),  Ridg.— TTes/w^i  Ked  tailed  Buzzard. 
Is  quit'O,  common  throughout  rhe  Big  Horn  region.  August  19,  secured  a  specimen 
at  Fort  Custer,  Mont.,  showing  much  fulvous  beneath  ;  tail  as  in  the  young,  dark-brown 
and  fulvous  barred;  upper  tail  coverfs  white.  Saw  a  living  specimen  ot  true  calurus 
at  Terry ^s  Lauding,  taken  in  that  vicinity. 

BUTEO  SWAINSONI,  Bp. — Stcaifison^s  Buzzard. 

Was  seen  in  small  numbiTH,  from  August  8  to  11,  while  ascending  the  Yellowstone 
above  Fort  Keogh,  Mont.    Was  not  seen  around  Fort  Custer. 

Arcdibuteo  LAG0PU8(Brunn.),  Or.  var.  Sancti  Johanxis  (Gm.),  Kidg.— Bough-legged 

Hawk. 

The  rough-legged  buzzard  was  observed  near  Little  Horn  River,  in  the  neighborhood 
of  Fort  Custer,  in  February,  187H,  by  Colonel  Bracket t. 
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AiiCiiiiitiKi*  FEitRU(ii\Kr8,  hichi.—  FirrMfjincous  Ilaick. 

The  California  minirrel  hawk  was  observed  several  times  along  the  Yellowstone  River, 
above  Fort  Keo^rh,  Mont.  I  again  met  with  it  in  large  numbers  near  Baker's  battle- 
field, on  the  road  to  Fort  Ellis,  where  it  seemed  to  be  congregated  in  the  vicinity  of 
the  villages  of  the  prairie  dog,  uiwn  which  it  probably  preyed. 

Acii'lL-i  chrysaKtus,  h\nn,—f iolde»  Kagh:. 

A  maguiiicent  specimen  of  the  golden  eagle  was  shown  me  at  Terry-s  Landing  that 
had  been  captnred  a  few  miles  from  there  by  members  of  Captain  Connell's  company, 
Eleventh  Infantry. 

Family  CATHARTIDJ:. 

Cachaktk^  Ai'RA  (Linn.),  m.—  Turkcif  linzzanh 

Was  observed  by  Colonel  Brackett  in  numbers  along  the  Yellowstone,  Jnly  14  and 
31,  and  on  August  3,  l^)7^,  ho  saw  a  large  colony  of  them  on  a  point  on  the  Yellowstone, 
where  they  had  evidently  bc^en  breeding,  as  the  tops  of  the  trees  were  worn,  and  seemed 
almost  bare  of  foliage  on  account  of  the  number  of  these  birds  that  had  been  rooeting, 
resting,  and  tlying  about  among  them. 

I  observed  a  few  along  the  Missouri  River  below  Fort  Buford,  but  did  not  meet  with 
any  in  the  vicinity  of  Fort  Custer^  Mont. 

Order  COLrMlLE. 
Family  COLUMBID.E. 

Zkxj:i>uka  t'AKOLl^■^:^'^LS  (Linp.),  Bp. — Carolina  Dove. 

Was  common  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers.  At  Fort  Custer 
I  would  daily  see  hundreds  in  the  woods;  found  them  abundant  in  the  mountains  also. 

No.  G.>1  ^  uiensures,  length,  12.00;  wing,  5.75;  tarsus,  0.75;  middle  toe  and  claw,  1.25. 

Order  GALLIX.E. 

Family  TETRAONID.E. 

Tktkao  OBScrRUb  (Say.),  Bd.—Dusly  Grouse. 

Was  observed  in  the  mountains  crossing  from  Fort  Custer  to  Fort  Ellis  in  September. 
My  experience  with  this  bird  agrees  with  that  of  Mr.  G.  B.  Grinnell  (see  his  zoolog- 
ical report  as  contained  in  Captain  Ludlow's  report  of  a  reconnaissance  from  Carroll, 
Mont.,  to  the  Yellowstone  National  Park  and  return,  made  in  thesnmmerof  1875,  being 
Appendix  N  N,  annual  report  of  the  Chief  of  Engineers  for  1876),  as  I  observed  it 
in  September,  almost  always  in  the  open  creek  bottoms  among  the  mountains. 

C'EXTROCERCUs  rRoniASiAN'CS  (Bp.),  Sw. — Sage  Grouse. 

The  sage  hen  is  resident  in  the  Big  Horn  region,  as  also  in  the  Yellowstone  Valley 
from  Fort  Keogh  up. 

The  flesh  of  the  young  is  good  until  about  the  1st  of  October,  after  which  it  becomes 
too  highly  flavored  with  sage  to  be  lit  for  the  table. 

Pedickcktes  phasian'ellus  (L.),  Ell.  var.  Columbianus,  Bd. — Sharp-tailed  Grouse, 

Is  resident  ffud  common  in  the  region  visited.  Several  were  shot  fully  two-thirds 
grown  by  the  10th  of  August. 

BoNASA   UMBELLrs   (L.),Steph.   var.  imbelloides,  Doug.— iifocA-^  Mountain  Rujffltd 
GroHHC. 
Occurs  in  the  Big  Horn  Mountains  in  considerable  numbers.    Is  resident. 

Order  GKALLATOEES. 
Family  CHARADRIID.E. 

Charadkil'S  FTLVi's,  (Jm.  var.  ViRGixicirs  (Bork.),  Coues.— Golden  Plover. 

Passes  the  Big  Horn  region  during  the  migrations,  but  none  remain  to  breed  within 
its  limits. 
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Specimens  measure  as  follows : 

No.  684^  22.75x10.50;  wing,  7.40;  tail,  2.75;  tarsus,  1.55;  middle  toe  and  claw,  1.23. 

No.  689^  21.00x10.50;  wing,  6.90;  tall,  2.50. 

Aegialitis  vociferus,  liinn. —EUdeer  Plover, 

The  only  kildeer  plovers  I  saw  on  the  expedition  was  on  August  15  on  the  road  from 
Terry's  Landing  to  Fort  Custer,  Mont.,  when  a  single  pair  passed  near  the  ambulance; 

Colonel  Brackett  informs  me  that  he  saw  several  at  Fort  Custer  in  the  spring  of 
1878. 

I  doubt  if  this  bird  is  common  or  breeds  in  the  Big  Horn  region.  It  occurs  there 
probably  only  during  the  migrations. 

Specimen  No.  664  ^  measures  19.62x10.00. 

Aegialitis  asiaticus  var.  montanus,  Towxs.— Mountain  Plover. 

Colonel  Brackett  informs  me  that  the  mountain  plover  was  abundant  at  Fort  Custer 
in  the  spring  of  1878,  and  he  thinks  that  they  breed  in  that  vicinity,  which  may  bo 
the  case  notwithstanding  I  met  with  none  in  August. 

Family  RECURV1R0STRID.E. 

Recur VI ROSTRA  Americana,  Gm.—Avocef. 

Were  observed  along  the  Yellowstone  River  above  Fort  Keogb,  Mont.,  several  times 
between  August  8  and  13,  1878. 

Specimens  taken  measnre  as  follows : 

No.  625  3  29.00x18.85.    Wing,  9.00;  tail,  3.65 ;  tarsus,  3.65;  bill  3.G5. 

No.  628  ^  29.75x1^^.50.    Wing,  9.25;  tail.  4.30;  tarsus,  3.()5;  bill,  3.1K). 

Family  PHALAROPODID.E. 

Steganopus  WIL80NI  (Sab.),  Cones. — Wilson's  Phalarope. 

Killed  on  a  swale  above  Fort  Custer,  Mont.,  1878,  and  identified  by  Colonel  Brackett. 
Occurs  only  during  the  migrations. 

Measurements  of  specimens. — No.  63-i  9  15.75  X  9.45;  wing,  5.20;  tail,  2.35;  tarsus, 
1.33;  middle  toe  and  claw,  1.31;  bill,  1.37.    No.  650  $  16.25x9.65. 

FAMILY  SCOLOPACID-E. 

Mac RORH AMPUL'S  griseus,  Gm. — Bed-hreasted Snipe. 

Was  killed  near  Fort  Custer,  Mont.,  on  the  Little  Horn  River,  spring  of  1878,  and 
identified  by  Colonel  Brackett.    Occurs  in  this  region  only  during  the  migrations. 

Trixga  bonapartii,  Sw,—  White-rumped  Sandpiper, 

A  few  white- rumped  sandpipers  were  seen  on  the  bars  in  the  Yellowstone  River  above 
Fort  Keogh  August  8  to  13.  Is  common  only  during  the  migrations  in  the  Big  Horn 
region,  where  a  few  remain  and  breed. 

Specimen  No.  651  (^  measures  as  follows:  15.00x7.50;  wing, 4.84;  tail,  1.85;  tarsus, 
0.93;  middle  toe  and  claw,  0.95;  biU,  0.96. 

Totanus  solitaries,  Wils. — Solitary  Sandpiper. 

Several  times  while  ascending  the  Yellowstone  River  above  Fort  Keogh,  Mont.  T., 
the  solitary  sandpiper  was  met  with  on  the  shores  of  the  river.    Is  not  common. 

AcTiTURUS  bartramius,  (Wils.),  Bp.^Upland  Plover. 

I  did  not  find  the  upland  plover  near  as  common  as  I  expected  to  in  the  middle  of 
August  in  the  Big  Horn  region.  In  fact,  I  met  with  but  two  birds  of  this  species — one 
on  the  Yellowstone  just  below  Terry's  Landing,  and  the  other  on  the  road  from  that 
place  to  Fort  Custer. 

Specimen  No.  663^  measures  20.62x11.65. 

Specimen  No.  670 cJ  measures  20.50x12.10;  wing,  4.10;  tail,  2.30. 

NuMENius  LOXGIROSTRLS,  W  ils.— Long 'hilled  Curlew. 

Were  seen  in  considerable  numbers  while  ascending  the  Yellowstone  above  Fort 
Keogh  in  flocks,  as  they  were  also  found  in  the  vicinity  of  Fort  Cnster,  Mont.,  August 
'15, 1878.    They  breed  along  the  Little  Horn  River,  and  probably  other  streams  also: 
the  flocks  seen  near  Fort  Caster  contained  the  birds  of  the  year. 
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Family  ARDEID^. 

Ardra  herodias,  It.— Great  Blue  Heron. 

Was  observed  aloog  the  Yellowstone  id  some  numbers. 

Althongh  belonging  to  the  class  of  water  birds,  the  groat  bine  heron  freqoeotly  for- 
gets himself  and  perches  on  the  highest  treetop,  and  there  keeps  a  sharp  lookout 
for  danger,  so  that  it  is  almost  impossible  to  approach  snfBciently  close  for  a  shot  oi 
such  occasions. 

Family  GRUID.E. 

Grus  canadensis,  (L.),  Temm.—Sandhill  Crave. 

Seen  daring  the  spring  migration  of  1878  by  Colonel  Brackett  at  Fort  Caster,  Mont.; 
occurs  in  this  region  only  at  those  times. 

Family  RALLID.E. 

FuLiCA  Americana,  Gm.— Coot. 
A  few  are  found  in  the  sloughs  and  ponds  through  the  region  traveled. 

Order  LAMELLIROSTRES. 
Family  ANATID.F.. 

CYG^a'S  BUCCINATOR,  8w.— Trumpeter  Swan. 

A  single  specimen  of  this  swan  was  killed  in  the  Big  Horn  region,  near  Fort  C.  F. 
Smith,  about  December  10,  lb77,  by  Colonel  Buell,  and  identified  by  Colonel  Brack- 
ett. Occurs  only  during  the  migrations,  and  at  the  late  date  the  above  specimen  was 
killed  there  was  still,  probably,  open  water  in  the  vicinity. 

Branta  canadensis,  Jj.— Canada  Goose. 

While  ascending  the  Missouri  and  Yellowstone  Rivers,  many  tlocks  of  the  Canada 
goose  were  observed.  It  breeds  along  both  rivers  in  numbers,  especially  on  the  Yel- 
lowstone, where  flocks  were  seen,  the  end  of  July,  consisting  of  the  parents  and  yooog 
birds.  On  these  occasions  the  mother  would  walk  in  front  with  her  head  down,  as  if 
trying  to  hide  herself,  the  little  ones  following,  and  the  old  male  bringing  up  the  retf 
with  his  head  erect,  and  viewing  the  source  of  danger  with  apparent  great  anconcem. 

I  found  it  quite  common  in  the  vicinity  of  Fort  Custer. 

Anas  boschas,  L. — Mallard  Duck. 

Is  found  along  the  Yellowstone  River  and  throughout  the  Big  Horn  region,  though 
it  is  not  particularly  common.    Breeds  wherever  found. 

Specimen  No.  685^  measures  as  follows :  37.00  X  17.75;  wing,  11.80;  tail,  4.00. 

Dafila  acuta,  (L.),  Jenyns. — Pintail  Duck. 

Is  found  in  the  Big  Horn  region  in  the  streams  and  pools,  but  not  in  any  great 
numbers.    Breeds  throughout  its  range. 

Specimen  No.  679 <?  measures  as  follows:  36.30  x  24.00;  wing,  10.50;  tail,  4..')0. 

Chaulelasmus  streperus,  lAnn.—GadtraU. 

Is  not  common,  but  I  saw  a  few  on  the  road  from  Custer  to  Fort  Ellis,  Montana,  in 
September. 

QUERQUEDULA  CAROLINENSI8,  Gm.—G rcen-winged  Teal. 
Is  found  in  small  numbers  in  this  region,  where  it  breeds. 
No.  620 <J  measures  as  follows:  23.00x15.00;  wing,  7.75;  tail,  3.24. 

QUERQUEDULA  DiscoRS  (L.),  Steph.— /??MC-iriw^ed  Teal. 

A  few  blue-winged  teal  were  seen  on  the  Yellowstone  River  above  Fort  Keogb,Mon 
tana,  as  also  on  the  Little  Horn,  near  Fort  Custer.    Is  not  common.    Breeds  here. 

Specimen  No.  6d0  <J  measures  as  follows :  24.75x15.90;  wing,  7.25;  tail,  3. 10. 

Aix  SPONSA  (L.),  Boie.— JToorf  Duck. 

Captain  Mix,  Second  Cavalry,  informed  me  that  he  had  occasionally  during  the 
spring  and  fall  taken  this  duck  at  Fort  Custer. 


Digitized  by 


Google 


APPENDIX   SS. 


2395 


BCCEPHALA  CLANGULA  (L.),  Gr. — Oolden-eyed  Duck. 

Several  were  seen  in  a  pond  on  the  road  from  Fort  Custer  to  Fort  EUis.  Is  not,  I 
believe,  common. 

Mbrgus  merganser  (L.)— Goosander, 

This  dack  is  found  in  small  numbers  in  the  streams  running  into  the  Yellowstone 
River  above  Terry's  Landing,  M.  T. 

Order  LONGIPENXES. 
Family  LARID^. 

Larus  delawarensis,  Ord. — Ring-hilled  Gull, 

While  ascending  the  Yellowstone  River,  and  near  the  mouth  of  the  Biff  Horn,  in 
August,  some  gulls  were  seen  in  one  of  the  chntes  of  the  liver,  which,  althougn  no  speci- 
men was  procured,  I  place  under  this  head,  as  it  is  the  species  most  likely  to  be  found 
there. 

Order  PYGOPODES. 
Family  PODICIPIDiE. 

PoDiLYMBUS  P0DICEP8  (L.),  Lawr. — Pied'billed  Grebe, 
f  Occurs  in  small  numbers  in  the  streams  of  the  Big  Horn  region. 
Specimen  No.  675  9  measures  20.75x12.00;  wing,  5.10. 

Becapitulation  of  species  treated. 
MAMMALS. 


Families. 


'  is 

■u 

p  • 


Families. 


Felidae I  3 

C^id» 7 

Mustelidte 6 

ProoTonidte ,  1 

UrmdsD I  2 

Basaarididie. 1 

Bovidai '  1 

OvidiB 2 

Antilocapridfe I  1 

Ccrvid», ...., '  2  ' 


'A 


Veapertilionldn? '  1 

Soricidie ■  2 

Zapodidffi 1 

MoridfB  i  7 

G«H>iuTidse i  1 

ScinridsB    \  6 

CastoridsB  i  1 

Hystricidfl) i  1 

Leporidse I  2 

Total I  48 


BIRDS. 


Families. 


5.S 

ill 


Families. 


o  • 


Tardidie I 

SaxicolidldaD 

CiDclidae 

Parid©  

SIttidro 

TroglodytidBR 

Alaadidae  

MotAcillidjD 

SvlTioolidfB 

ItirandinldiD j 

Ampe1idffi> 

Yireooidffi ' 

LaniidflD ' 

Frin^IIidjB. 

IcteHdsB 

Corvidffi    

Tyrannids^ 

Caprimnlgida) 

Trochilidte , 


6      AIcedinldH> 

1    1  Picidflp    

1  I  StriRid®  

2  FalcoiiidsB 

1  '  Cathartidat 

2  '  CnlumbidiB 

1      TetraonidiP 

1  CharadiiidaP    .... 

3  i  RecarvirostridsB  . 

4  Pbalaropodida>. . . 
ScolopacidsQ 


Ardeida)  . 

Gruidffi 

RaUidie 

Anatidm 

Larido) 

Podicipidii!.. 


Total. 


102 
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ANXUAL  REPORT  OF  LIEUTEXAXT  CARL  F.  PALFREY, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30.  1879. 

explorations  and  surveys  in  the  division  of  the  pacific. 

Engineer  Office,  Headquarters  Military  Division 
OF  the  Pacific,  and  Department  of  California, 
Presidio  of  San  Francisco,  Cal.,  August  19, 1879. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  this  office, 
for  the  fiscal  year  ending  June  30,  1879 : 

Personnel. — The  office  was  under  the  charge  of  Capt.  John  H.  Cos- 
ter, Eighth  Cavalry,  A.  D.  C,  until  September  16,  1878,  at  which  date 
I  relieved  him  per  Special  Orders  Xo.  142,  Headquarters  Military  Divis- 
ion of  the  Pacific  and  Department  of  California. 

Three  topographical  assistants  enlisted  in  the  general  service  United 
States  Army,  have  been  employed  up  to  April  30 ;  since  that  date  two. 
It  is  proposed  to  fill  the  complement  of  four,  when  the  accommodations 
of  the  office  admit  of  working  to  a  better  advantage. 

Ilrst  Lieut.  R.  H.  Fletcher,  Twenty-first  Infantry,  acting  aid-de- 
c|imp  to  Brig.  Gen.  O.  O.  Howard,  during  the  campaign  against  the  Nez 
Perc^  Indians,  has  been  engaged  in  preparing  a  map  of  the  Department 
of  the  Columbia,  illustrating  that  campaign,  and  has  assisted  in  the  office 
work. 

The  following  maps  have  been  prepared  during  the  year: 

Ist.  Projections.  Outline  map  of  military  division  of  the  Pacific  to  accompany 
^'descriptions  of  posts.-' 

Corrections  of  photographic  sheets  map  of  northwestern  Territories,  from  the  Office 
of  the  Chief  of  Engineers,  United  States  Army. 

Projection  only,  for  western  sheet  map  of  military  division  of  the  Pacific — scale  12 
mUes  to  one  inch. 

Scont  maps,  plotted  from  field-notes  or  traced  from  field- maps,  checked  where  prac- 
ticable, by  instrumental  snrveys  and  earlier  scouts. 

In  some  instances  several  scouts  are  combined  in  one  map,  in  which  case,  plotting 
upon  pn^ection  and  checking  by  astronomical  stations  have  been  possible. 

Map  of  Steen  Mountains  and  vicinity,  showing  the  seat  of  the  Bannock  Indian  War 
compiled  from  field-notes  taken  in  lb60  by  M%jor  Steen,  and  Captain  Porter  in  VfiOA. 

Map  of  the  headwaters  of  Salmon  River,  Idaho  Territory,  compUed  from  field-notes 
of  Lieut.  George  S.  Wilson,  Twelfth  Infantry. 

Map  of  the  vicinities  of  the  Military  Posts  of  Forts  Gaston,  Klamath,  MoDermit, 
Bois4  Hail,  and  Camps  Bidwell,  Halleck,  embracing  a  number  of  scoutf,  called  for  in 
a  communication  from  the  Chief  of  Engineers,  United  States  Army. 

Maps  and  tracings  of  the  following  reconnaissances : 


From—  To —  By  whom. 


Fort  Gaston WiUbpeck  and  return  by  Red  Cap  Trail Lieut  James  Halloran,  Twelfth 

Infantry. 
lortOaston Stone  Lagoon Capt  E. 'B.  Savage,  Eiglith  In- 
fantry. 

San  Diego Pine  Valley  Yoabel.  Temecnla,  San  Margarite     Lieut  John  Pitcher,  First  Cav- 

Kiver  and  return  along  ocean.  airy. 

San  Diego San  Bernardino  vlaTye  Vallevand  San  Gor-     Lieut  John  Pitcher,  First  Cav- 

gonio  Pass  and  return,  via  lemeoula.  airy. 

Camp  Independence     Reno,  Nov Captl  C.  C.  C.  Car,  First  Cavalry. 
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Majfs  and  traciwjs — Continued. 


From— 


To— 


Camp  Independence     Yiaalia 

Camp  Independence.    Taolomne  River 

Camp  Independence     Caliente 

Camp  Independence.,  Salinas  Valley 

1 
Fort  Hall I  Lemhi  Agency 

Fort  Hall '  Salmon  City  to  the  headwaters  of  Salmon 

River. 


By  whom. 


Lient  Wotherspoon,  Twelfth  In- 
fantry. 

Capt  A.  B.  MaoGowan,  Twelfth 
Infantry. 
Do. 

Lient  Wotherspoon,  Twelfth  In- 
fantry. 

Lient.  Geo.  8.  WilAm.  Twelfth 
Infantry. 

Lient.  Geo.  S.  Wilson,  Twelfth 
Infuitry. 


ARCHITECTURAL  DRAWINGS  AND  PLANS  OF  POSTS. 

Plans,  estimates,  and  working  drawings,  for  the  alterations  of  bar- 
racks and  mess-rooms  to  headquarter  offices,  of  building  occupied  by  en- 
gineer office  and  officers  quarters,  have  been  prepared  chiefly  under  the 
direction  of  Captain  Coster. 

The  following  plans  of  posts  have  been  received  and  traced  for  photo- 
graphic copying,  or  reduced  to  scale : 

Post  and  bnildings  at  Fort  Vancouver,  Washington  Territory. 
Post  and  bnildings  at  Fort  Klamath,  Oregon. 
Post  and  buildings  at  Fort  Townsend,  Washington  Territory. 
Post  and  buildings  at  Fort  Canby,  Washington  Territory. 
Post  and  buildings  at  Camp  Howard,  Indian  Territory. 
Post  and  buildings  at  Camp  Hnaohuca,  Arizona  Territory. 
Poet  and  buildings  at  Camp  John  A.  Ruoker,  Arizdna  Territory. 
Post  and  buildings  at  Fort  Mojave,  Arizona  Territory. 

PHOTOGRAPHY  AND  TRACINGS  FOR  PHOTOGRAPHIC  REPRODUCTION. 

Lieutenant  Fletcher's  map  has  been  tniced,  and  copies  prepared  for 
use  in  field  and  for  supply  of  offices. 

Photographic  copies  of  scout-mai)S  have  been  sent  to  posts  at  which 
they  are  likely  to  prove  useful. 

Drawings  not  immediately  connected  with  this  office  have  been  made 
and  rei)roduced  for  the  use  of  other  offices  at  these  headquarters. 

Number  of  sheets  printed,  796. 

Owing  to  the  want  of  suitably  convenient  out  of  door  appliances  and 
the  insufficient  protection  against  wind  and  dust  afforded  by  the  build- 
ing occupied  by  this  office,  I  have  been  obliged  to  give  up  the  finer  sil- 
ver XM* ocess  and  adopt  exclusively  the  coarser  method  with  prossiate  of 
potash.  This  work  has  been  urged  to  the  utmost,  but  the  results  are 
much  less  than  could  have  been  obtained  with  more  convenient  accom- 
modations. 


A  survey  was  made  (July,  1878)  of  the  boundaiics  of  the  Marine  Hos- 
pital Keservation,  by  Lieutenant  Fletcher. 

Examination  and  report  upon  the  water-supply  of  the  Presidio  of  San 
Francisco  and  Post  at  Point  San  Jos6. 

Location  and  grading  of  road  connecting  Presidio  and  Fort  Point. 

Examination  and  report  [upon  boundary  of  Military  Eeservation  at 
Monterey,  Cal.,  as  surveyed  by  Deputy-Surveyor  Foreman. 

Examination  and  report  upon  Hay  Eeservation  of  Camp  McDermit, 
Nevada,  as  laid  out  by  Deputy-Surveyor  Van  Lennep. 
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lie-survey  and  location  of  disi^laced  corner-post  of  Fort  Ilalleck^ 
Nevada. 

Instrumental  work  has  been  done  at  various  times  in  connection  with 
w  ork  of  the  Quartermaster's  Depaitment  (roads  and  water-supply)  at 
this  post. 

The  funds  at  the  disposal  of  this  office  have  not  admitted  of  any  field- 
work  not  immediately  connected  with  questions  of  boundaries. 

The  office  work,  both  draughting  and  photographic,  has  been  materi- 
ally interfered  with  by  the  bad  condition  of  tlie  building  occupied,  and 
the  continual  expectation  of  thorough  repairs  which  would  require  a  re- 
moval of  the  office  material. 

The  diminution  of  the  pay  of  topographical  assistants  by  the  with- 
drawal of  their  commutation  of  quarters  ($20  per  month)  and  reduc- 
tion of  fuel  allowance  of  $9.91  x)er  month  has  occasioned  much  hardship, 
and  renders  it  exceedingly  difficult  to  secure  suitable  men  for  the  com- 
pensation now  oftered. 

A  list  of  reports  of  scouts  received  during  the  fiscal  year  is  appended. 
I  have  the  honor  to  be,  very  respectfully-,  your  obedient  servant, 

Carl  ¥.  Palfeey, 
First  Zleutetiant  of  Engineers^  U.  8.  A.^ 

Engineer  Officer, 

The  Chief  of  Engineers,  U.  S.  A. 


LIST  OF  REPORTS  OF  SCOUTS  RECEIVED  AT  ENOIXBER  OFFICE,  HEADQUARTERS  MIU- 
TARY  DIVISION  OF  THE  PACIFIC  AND  DEPARTMENT  OF  CALIFORNIA  DURING  THE 
FISCAL  YEAR  ENDING  JUNE  30,  lt<79. 

rrom—  To—  By  Whom. 

Fort  Gaston ,  Mining  district  of  Mill  Creek,  via     Lieut  James  Halloran. 

Witchpeolc  and  return,  via  Red 

Cap  Trail. 

Fort  Gaston Stone  lagoon Capt.  E.  B.  Savage,  Kighth  Infantry. 

Fort  Hall Lemhi  Agency,  L  T Lieut.  Geo.  S.  Wilson. 

Lemhi  Agency ,  Headwaters  of  Salmon  River,  I.  T . .  Do. 

Fort  McUermit -  Catlow's  Valley Sergeant  P.  Stone,  Eighth  Infantry. 

Fort  Gaston I  Itinerary   from    Fort    Gaston   to 

Areata  as  measured  by  odometer. 
Fort  McDermit ....   Scout  from  Fort  McDermit  to  U«ry>     Lieut  J.  W.  Summerhayes,  Eighth  Infantry. 

hee  Kiver,  178  miles. 
Fort  McDermit ....    Scout  from  Foit  McDermit  to  be-     Lieut  J.  W.  Summerhayes,  Eighth  Infantry. 

yond  Steen  Mountains,  313  miles. 
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Subject. 


Page. 


Part  I.     Part  n.    Part  HI 


A. 

Accotink  Creek,  Va.,  improvement  of 

Ahnepee  Harbor.  Wis.,  improvement  of 

Alabama  River,  improvement  of 

Alexandria,  Mo.,  examination  of  Mississippi  River  at. .. 

Allegheny  River,  Pa.,  improvement  of 

Allegheny  River,  survey  of,  to  month  of  French  Creek. . 

Allegheny  River,  to  Olean,  N.  T.,  examination  and  sur- 
vey of 

Alsea  Harbor,  Orog..  and  bar  in  front  of  it,  examina- 
tion and  survey  01 

Alsea  River  and  bay,  Oreg.,  examination  of 

Alton  Harbor,  111.,  examination  and  survey  of 

Anguille  River,  Ark.,  improvement  of 

Annapolis  Harbor,  Md.,  survey  of  bars  at  entrance  to.. 

Apalachicola  Bay,  Fla.,  eKamination  of 

Apalachicola  River,  improvement  of 

Appomattox  River,  Va. ,  improvement  of 

Approaches  fh)m  Lake  Superior  to  Saint  Mary's  Falls 
Snip  Canal,  examination  and  survey  of,  for  a  16-fbot 
channel 

Aquia  Creek,  Va.,  improvement  of 

Aransas  Pass  and  Bay,  Tex.,  improvement  of 

Aransas  Pass  and  Bay,  Tex.,  examination  of 

Archer's  Hope  River,  Va.,  examination  and  survey  of.. 

Arkansas.  Missouri,  and  Mississippi  Rivers,  operations 
of  snag  Doats  on 

Arkansas  River,  at  Fort  Smith.  Ark.,  improvement  of.. 

Arkansas  River,  at  Pine  Bluff,  examination  and  sur- 
vey of , 

Arkansas  River,  improvement  of,  above  Fort  Smith,  Ark 

Arkansas  River,  from  Fort  Smith  to  mouth  of  Little 
Arkansas,  examination  of 

Aroostook  River,  Me. ,  examination  and  survey  of . 

Ashland  Harbor,  Wis.,  examination  and  survey  of. .... 

Ashtabula  Harbor,  Ohio,  improvement  of 

Atchison,  Kans. ^improvement  of  Missouri  River  at.... 

Au  Sable  River  Harbor,  Mich.,  improvement  of 

B. 

Baltimore  Harbor,  pier  and  bulkhead  lines,  report  on  .. 

Baltimore  Harbor,  unprovement  of  entrance  to 

Barren  River,  Ky.,  examination  and  survey  of 

Bath,  Me.,  improvement  at  the  gut  opposite 

Battalion  of  £f ngineers , 

Bar  at  mouth  of  Bell  River,  Mich.,  examination  and 

resurvey  of 

Bay  of  Superior,  improvement  of  natural  entnmce  to 

Bayfield  Harbor,  Wis.,  examination  and  survey  of 

Bayou  Bartholomew,  Ark.,  examination  of 

Bayou  Courtableau,  La.,  examination  and  survey  of.... 

Bayou  Deglaize,  La. ,  examination  and  survey  of 

Bayou  La  Fourche,  La.,  improvement  of 

Bayou  Pierro,  La.,  examination  of 

Bayou  Teche,  La.,  examination  and  survey  of 
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Bayou  Terrebonne,  La.,  examination  and  gnrvey  of 

Bayou  Vermillioii,  La.,  examination  and  survey  of  .... 

Bayou  Wince V,  La.,  examination  of 

Bell  River,  Mioh.,  bar  at  mouth  of^  reaurvey  of 

Belfast  Harbor,  Me.,  improvement  of 

Benton  Harbor  Channel  of  Saint  Joseph  Biver,  Mich., 
examination  and  survey  of 

Bergen  Neck,  N.  J. ,  survey  for  ship  canal  across 

Big  Sandy  River,  W.  Va.  and  Ky.,  improvement  of 

Big  Sunflower  River,  Miss.,  examination  of 

Big  Sunflower  River,  Miss.,  improvement  of 

Black  Lake  Harbor,  Mich. ,  improvement  of 

Black  River  Harbor,  Ohio,  improvement  of 

Black  River.  Ark.,  examination  and  survey  of 

Black  Wamor  River,  Ala. ,  improvement  of 

Blackwater  River,  Va. ,  improvement  of 

Block  Island,  R.  L ,  construction  of  harbor  at 

Bloody  Island,  examination  of  Mississippi  River  at.  ^... 

Board  of  engineets  for  fortifications 

Board  of  engineers,  on  improvement  of  low-water  navi- 
gation of  the  Mississippi  and  Missouri  rivers 

Boston  Harbor,  Mass.,  improvement  of 

Breton  Bay,  Md.,  improvement  of 

Brazos  River  and  Bar,  Tex. ,  examination  of 

Brazos  Santiago,  Tex.,  removing  obstructions  at 

Breakwater  at  Mackinac,  Mich.,  examination  and  sur- 
vey of • 

Breakwater  at  Cleveland,  Ohio,  construction  of 

Breakwater,  near  New  Orleans,  La.,  estimate  for,'and 
survey  of 

Broadkun  River,  Del. ,  improvement  of 

Bridge  over  the  Mississippi  River  at  Rock  Island,  sheer- 
booms  for  piers  of  

Bridges  over  the  Ohio  River 

Bridging  navigable  waters  of  the  United  States 

Bridgeport  Harbor,  Conn.,  improvement  of 

Btoml  River,  S.  C,  examination  and  survey  of 

Broad  Creek,  examination  and  survey  of 

Broad  Bay,  Va..  examination  and  survey  of. 

Brunswick  Harbor,  Gkk. .  improvement  of 

Buffalo  Harbor,  N.  Y.,  improvement  of. 

Bulkhead  Rock,  Providence  River^  R.  I.,  removal  of. .. 

Burliugton,  Iowa,  improvement  ot  harbor  at 

Burlington  Harbor,  Vt. ,  improvement  of 

C. 

Cabin  Creek,  Md.,  examination  of  channel  to 

Cahokia  Chute,  Mississippi  River,  opposite  Saint 
Louis,  closing  of 

Calumet  Harbor,  Ills.,  improvement  of. 

Caloosahatchie  River,  Fla.,  examination  of 

Cambridge  Harbor,  Md. ,  impt  ovement  of 

Campaigns  and  battle-fields,  preparation  of  maps  of .. . 

Canal,  Louisville  and  Portliuid,  superintendence  and 

management  of 

,  Canal  at  Des Moines  Rapids^Mississippi  River 

Canal,  Saint  Mary's  River,  Fla.,  and  Gulf  of  Mexico, 
survey  for ... 

Canal,  Saint  Mary's  Falls,  Mich.,  construlotion  of. 

Canal  at  the  Cascades,  Columbia  River,  Orog.,  oon- 
structionof 

Canal  around  the  Dalles,  Columbia  River,  Oreg.,  ex- 
amination and  survey  for 

Canal  to  connect  Delaware  and  Chesapeake  Bays,  sur- 
vey for 
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Canal  oonneoting  Galyeston  and  Brasoe  Riyer,  Tex., 
sorveyfor 

Canarsie  Bay,  K.  T.,  examination  of , 

Caney  Fork,  Tenn.,  examination  of 

Caney  Fork,  Tenn.,  examination  and  sorvey  of 

Cape  Fear  Kiver,  N.  C,  improvement  of  entrance  to .. 

Cape  Foolweather,  Oreg.^  examination  of,  for  harbor 
of  refuge 

Cathanse,  Maine,  examination  and  tmrrej  of 

Catawba  River,  iS.  C.  and  8.  C,  for  snryey  of 

Cedar  City,  Mo.,  examination  of  Mimonri  River  at .... 

Cedar  Keys  Har  Dor,  Fla. ,  improvement  of 

Channel  between  Staten  Island  and  New  Jersey,  im- 
provement of 

Charles  River,  Mass.,  survey  of 

Charleston  Harbor,  B.  C,  improvement  of 

Charlevoix  Harboi^  Mich.,  improvement  of 

Choronton  CansJ,  Saint  Mary's  Parish,  La.,  sorvey  for. 

Charlotte  Harbor,  N.  Y.,  improvement  of 

Charlotte  Harbor  and  Peas  Creek,  Fla.,  examination 
and  survey  of 

Chattahoocme  River,  Ga.,  above  Columbus,  survey  of. 

Chattahoochie  River,  Ala.  and  6a.,  improvement  of... 

Cheboygan  Harbor.  Mich.,  improvement  of 

Cheesequakes  Creex,  N.  J.,  examination  and  survey  of. 

Chester  Harbor,  Pa.,  ice-harbor  at 

Chester  River,  Md.,  improvement  of^  at  Kent  Island 
Narrows  .......•••• 

Cheyenne  River,  Dak.,  examination  and  survey  of 

Chicago  Harbor,  HL,  improvement  of. 

Ch  ickahominy  Kiver,  Va. ,  improvement  of 

Cliicasaha  River.  Miss.,  exanunation  of 

Chincoteagne  Inlet,  Va.,  examination  and  survey  of.. . 

Chippewa  River,  Wis.,  improvement  of , 

Choctawhatohie  River,  Ala.,  examination  and  survey 
of 

Choctawhatchie  River,  Fla.  and  Ala.,  improvement  of. 

Choptank  River,  Md.,  examination  and  survey  of 

Chowan  River,M.  C,  survey  of 

Cincinnati,  Ohio,  ioe-harborat 

Clearwater  River,  Idaho,  examination  and  improve- 
ment of. , 

Cleveland  Harbor,  Ohio,  improvement  of , 

Clinton  River,  Mich.,  resurvey  of , 

Cooheoo  River.  N.  H.,  improvement  of... ••.... ....... 

Cohansey  Creek,  N.  J.,  improvement  of , 

Cold  Water  River,  Miss.,  improvement  ot.... 

Cold  Water  River,  Miss.,  examination  of 

Colorado  of  the  West,  survey  of , 

Columbia  River,  Oreg.,  improvement  of  month  of . .... 

Columbia  River,  Lower,  Oreg.,  improvement  of 

Columbia  River  at  the  Dallee,  Oreg.,  dM).,  examina- 
tion and  survey  of 

Columbia  River,  Upper,  and  Snake  River,  Oreg.,  im- 
provement of. 

Columbia  River,  Orog.,  canal  at  Cascades.. 

Columbia  River,  survey  of  bar  at  mouth  of 

Conecuh  River,  Ala.,  examination  of. 

Conemaugh  River,  Pa.,  examination  of 

Conneaut  Harbor,  Ohio,  improvement  of 

Connecticut  River,  above  Uartlbrd,  Conn.,  improve- 
ment  of ..,., 

Connecticut  River,  below  Hartford,  Conn.,  improve- 
ment of •••. 

Coos  Bay,  Oreg.,  improvement  of 
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Coos  BftVy  Oreg.y  examination  of 

Coosa  River,  Ga.  and  Ala.,  improvement  of 

Coosa  River  to  Wetompka,  AUl,  examination  and  sar 
vey  of — .. 

Coosawattee  River,  Ga.,  improvement  of 

Coqoille  River,  Oreg.,  survey  of 

Council  Bluffs.  Iowa,  improvement  of  Missonri  River  at. 

Corpus  Christi  Pass  and  Channel,  Tex.,  examination  of. 

Cowlitz  River,  Wash.,  &c.,  examination  and  survey  of- 

Crescent  City  Harbor,  Cal.,  examination  of 

Cnivre  River,  Mo.,  examination  and  survey  of 

Cumberland  Kiver,  Ky. ,  survey  of  falls  of 

Cumberland  River,  Tenn.,  improvement  of 

Cumberland  Souna,  Fla.  lukd  Ga.,  entrance  to,  improve- 
ment of 

Currituck  Sound,  improvement  of 

Cypress  Bayou,  Tex.,  improvement  of 

D. 

Dan  River,  Ya.,  examination  of 

Dan  River,  Va.^  from  Clarksville,  Va.,  to  Danbury,  N. 

C,  examination  and  survey  of 

Darien  Harbor,  Ga.,  improvement  of 

Davis'  Island,  Ohio  River,  movable  dam  at •. 

Defenses,  sea-coast  and  lake-frontier 

Deglaize  Bayou,  La.,  examination  and  survey  of. 

Delaware  Breakwater  Harbor........... 

Delaware  River: 

at  Cherry  Island  Flats,  improvement  of 

at  Chester  and  Marcus  Hook,  Pa.,  examination  and 
survey  of 

at  Schooner  Ledge,  improvement  of 

below  Brideeburg,  Pa.,  improvement  of 

below  League  Island,  survey  of 

between  Trenton  and  White  Hill,  N.  J.,  improve- 
ment of 

Des  Moines  Rapids  Canal,  Mississippi  River 

Detroit  River,  Mich. ,  improvement  of 

Dubuque,  Iowa,  improvement  of  harbor  at 

Duck  Creek,  Del.,  examination  of 

Duck  River  to  Centreville,  Tenn.,  examination,  and  sur- 
vey of 

Duluth  Harbor,  Minn.,  improvement  of 

Dunkirk  Harbor,  N.  Y.,  improvement  of 

Duties  and  rank  of  officers  of  the  Corps  of  Engineera. . . 

E. 

Eagle  Harbor,  Mich. ,  improvement  of 

East  Chester  Creek,  N.  Y. ,  improvement  of 

East  River,  N.  Y.,  removal  of  obstructions  fifom r- 

Echo  Harbor.  New  Rochelle,  N.  Y.,  improvement  of .- . 

Eden  ton  Harbor,  N.  C,  improvement  of 

Elk  River,  W.  Va. ,  improvement  of 

Elizabeth  River,  N.  J. ,  examination  of - 

Elizabeth  River,  N.  J.,  improvement  of 

Elizabeth  River,  Va.,  improvement  of  south  branch  of. 

Engineer-depots ..... 

Entrance  to  Cumberland  Sound,  Fla.  and  Ga.,  improve* 

ment  of 

Erie  Harbor^  Pa.,  improvement  of 

Escambia  River,  Ala.  and  Fla.,  examination  of 

Etowah  River,  Ga.,  improvement  of ^ 

Etowah  River,  Ga.,  examination  of 
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Explorations,  geological,  dto.,  40th  parallel,  oompletion 
of 


Explorations,  geographical,  4bc.,  west  of  100th  meridian. 

Explorations  and  reconnainances 

Explorations  and  sorveys  in  Division  of  the  Missouri  .. 
Explorations  and  surveys  in  Department  of  the  Platte. 
Explorations  and  surveys  in  Department  of  the  Missouri .  i 

Explorations  and  surveys  in  Department  of  Dakota 

Explorations  and  surveys  in  Division  of  the  Pacific  .• . 
Explorations  and  reconnaissances,  estimates  for 


F. 

Fairport  Harbor  (Grand  River),  Ohio,  improvement  of. 

Falls  of  the  Cumberland  Biver,  Ky.,  survey  of 

Falls  of  Saint  Anthony,  Minn.,  preservation  of 

Falls  of  the  Ohio  River,  improvement  of  navigation  at. 
Feather  and  Sacramento  rivers,  Cal.,  improvement  of.. 

Flint  River,  Ga.,  improvement  of 

Flint  River,  Ga.,  survey  of  Upi>er 

Flushing  Bay,  N.  Y.,  examination  of 

Flushing  Bay,  N.  Y.,  improvement  of. 


Fort  Columbus,  New  York  Harbor,  sea-wall  at  Gov- 
ernor's Island. 


^ort  Delaware,  damage  by  storms  at 

Fort  Leavenworth,  Kans.,  improvement  of  Missouri 

River  at 

Fort  Madison,  Iowa,  improrement  of  harbor  at 

Fort  Mifflin,  Delaware  River,  damage  by  storms  at.... 
Fort  Smith,  Ark.,  improvement  of  i^kansas  River  at. .. 

Fortifications 

Fonrchela  Ffeve,  Ark.,  examination  of 

Fourche  la  F^ve,  Ark.,  improvement  of 

Fox  and  Wisconsin  rivers,  improvement  of 

Frankfort  Harbor,  Mich.,  improvement  of. 

French  Broad  River,  N.  C,  improvement  of. 


Galena  River  and  Harbor,  IlLj  improvement  of 

Galveston  Bay,  ship-channel  m,  improvement  of 

Galveston  Harbor,  Tex.,  improvement  of  entrance  to. . 

Gasconade  River,  Mo.,  examination  and  STirvey  of 

Geographical  explorations  and  surveys  west  of  100th 
meridian , 

Geological  exploration  40th  parallel,  completion  of 

Georgeto¥m  and  Washington  Harbors,  D.  C,  improve- 
ment of 

Glasgow,  Mo.,  improvement  of  Missouri  River  at 

Grand  Haven  Harbor,  Mich. ,  improvement  of 

Grand  Marias,  Biinn.,  improvement  of  harbor  at 

Grand  River  (Fairport)  Hv bor,  Ohio,  improvement  of. 

Great  Kanawha  River,  W.  Va.,  improvement  of 

Great  Sodus  Harbor,  N.  Y.,  improvement  of 

Green  Bay  Harbor,  Wis.,  improvement  of. 

Green  River,  Ky.,  examination  and  survey  of 

Guyandotte  River,  W.  Va.,  improvement  of 


Hampton  River,  Va*,  improvement  of 

Harbor  of  refuge  at  Portage  Lake,  survey  and  im- 
provement of 

Harbor  of  refuge,  Lake  Huron. 
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Harbor  of  refuge  near  Cinoinnati,  Ohio,  oonstraotion 
of 

Harbor  of  refuge  entrauce  to  Portage  Lake,  and  Lake 
Superior  ship-canal,  examination  and  survey  of 

Harbor  of  refuge,  Sturgeon  Bay  Canal,  Wis.,  construc- 
tion of 

Harlem  Eiver,  N.  Y. ,  improvement  of- 

Hell  Gate,  N.  Y.,  improvement  of  navigation  at 

Hiawassee  River,  Tenn.,  improvement  of 

Hillsborough  River,  Fla.,  examination  of  mouth  of.... 

Housatonic  River,  Conn.,  improvement  of. 

Hudson  River,  N.  Y.,  improvement  of 

Humboldt  River.  CaL,  examination  of 

Huron  Harbor,  Ohio,  improvement  of 

Hy aunis  Harbor,  Mass. ,  improvement  of 

I. 

Ice  harbor  at  Cincinnati,  Ohio,  construction  of. 

Ice  harbor  at  mouth  of  Muskingum  River 

Illinois  River,  improvement  of 

Illinois  River,  examination  and  survey  of 

Inside  passage  between  Femandina  and  Saint  John's 
River,  Fla.,  improvement  of 

J. 

James  River,  Va.,  improvement  of 

Jonesport,  Me.,  examination  of  Moosebeck  Bar  at 

Jetties  at  mouth  of  Saint  John's  River,  Fla.,  project 
for 

Kanawha  River,  Great,  improvement  of 

Kanawha  River,  Little,  improvement  of 

Kankakee  River,  111.  and  Ind. ,  survey  of 

Kansas  River,  examination  of  Missouri  River  at  mouth 

of 

Kansas  River,  Kans.,  examination  of 

Kansas  City,  Mo.,  improvement  of  Missouri  River  at... 

Kennebunk  Ki ver^e. ,  improvement  of 

Kenosha  Harbor,  Wis.,  improvement  of 

Kent  Island  Narrows,  Md. ,  improvement  of 

Kentucky  River,  Ky.,  survey  of 

Kentucky  River,  Ky . ,  improvement  of 

Kiskiminetas  River,  Pa.,  examination  of 

La  Crosse,  Wis.,  improvement  of  Mississippi  River  at.. 

Lake  Bayou  Pierre,  La.,  examination  of 

Lake  Cannasanier,  La. ,  examination  of 

Lake  harbors  and  rivers 

Lakes,  Northern  and  Northwestern,  survey  of 

L'Anguille  River,  Ark.,  improvement  of 

Laws  of  Forty-nfth  Congress,  third  session,  and  of 
Fort^-sixth  Congress,  fint  session,  affecting  Corps  of 
Engineers 

Levees  on  the  Mississippi  River,  report  on  the  effect  of 
a  continuous  system  for 

Leonard  to  wn  Harbor,  Md. ,  improvement  of 

Lewes,  Del.,  construction  of  piers  at.......... 

Licking  River.  Ky.,  examination  of 

Lincoln ville  Harbor,  Me.,  survey  of 

Lin  Haven  Bay,  Va.,  examination  and  survey  of 
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Link  Horn  Bay,  Ya.,  examination  and  sorvey  of. 

Little  Kanawha  River,  W.  Va.,  improvement  of 

Little  Kanawha  River,  month  o^  for  ice  harbor,  ex- 
amination and  survey  of 

Little  Narragansett  Bay,  R.  I.  and  Conn.,  improve- 
ment of 

Little  River,  Ark.,  examination  of 

Little  Sodns  Harbor,  N.  Y.,  improvement  ci 

Look  wood's  Folly  River,  N.  C,  examination  and  survey 
of 

Long  Island  eoast,  N.  T.,  examination  of,  between 
Rockaway  and  Coney  Island.. 

Louisville  and  Portland  Canal,  superintendence  and 
manaff^ent  of 

Lower  Willamette  and  Columbia  rivers,  Oreg.,  im- 
provement of 

Lubec  Channel,  Me.,  improvem^it  of 

Lubeo  ChanneL  Me.,  survey  of 

Ludington  Harbor,  Mich.,  improvement  of 

HI. 

Manasquan  River,  N.  J.,  examination  of 

Manasqnan  River,  N.  J.,  improvement  of 

Manistee  Harbor,  Wis.^  improvement  of 

Manitowoc  Harbor,  Wis.,  improvement  of 

Maps,  military,  geographical,  and  lake  survey,  prepara- 
tion of 

Maps  of  campaigns  and  battle-fields,  report  on 

Mackinac  Breakwater,  Mich.,  examination  and  survey 

of 

Marcus  Hook  Harbo^  Pa.,  improvement  of 

Marquette  Harbor,  ^uch.,  improvement  of *. 

Matagorda  Bay,  Tex.,  improvement  of  entrance  to 

Meeker's  Island,  Minn.,  lock  and  dam  at 

Memphis,  Tenn..  protection  of  water  front  of 

Menomonee  Harbor,  Mich,  and  Wis.,  improvem^it  of.. 

Meirimac  River,  Mass.,  improvement  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milford  Harbor,  Conn.,  improvement  of 

Milwaukee  Harbor,  Wis.,  improvement  of 

Minnesota  River,  improvement  of 

MispiUion  Creek,  Dei.,  examination  of 

Mississippi,  Missouri,  and  Arkansas  Rivers,  operations 

of  snagDoats  on 

Mississippi  River: 

above  the  Falls  of  Saint  Anthony,  improvement  of. 

at  Alexandria,  Mo.,  examination  of 

at  Bloody  Island,  examination  of 

at  Burling[ton,  Iowa,  improvement  of 

at  Des  Moines  Rapios,  improvement  of 

at  Dubuque,  Iowa,  improvement  of 

at  Falls  of  Saint  Anthony,  improvement  of 

at  Fort  Madison.  Iowa,  improvement  of.. 

at  La  Crosse,  Wis.,  improvement  of 

at  Meeker's  Island,  improvement  of 

at  Muscatine.  Iowa,  improvement  of 

at  Quincy,  111.,  examination  of 

at  Quincy,  HI.,  improvement  of 

at  Rock  Islana  Rapids,  improvement  of 

at  Venice,  IlL,  examination  of 

between  the  mouths  of  the  Illinois  and  Ohio  Rivers, 
improvement  of 

from  Des  Moines  Rapids  to  the  mouth  of  Illinois 
River,  deepening  cnannel  of 
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from  Saint  Paul  to  Falls  of  Saint  Anthony,  exami- 
nation and  aarvev of      - .. ....  ..-- .. .. ...... .... 

opposite  mouth  of  Missouri,  examination  and  sur- 
vey of               •      ....    ........................... 

rf  florvoirs  at  Bonrcps  of.  snrvev  for  .....*....r-r.«'-r- 

improvement  of  low-water  navigation  of,  below 
Cairo - 

renort  on  continuous  levee  svstem  for  ............. 

finrvftv  of      . 

1891 

Upper,  improvement  of,  operations  of  snagboat — 

Missouri,  MissiBsippi,  and  Arkansas  Rivers,  operations 

of  snacrhoats on  -... ....  ........................ .... 

MiHSouri  River : 

above  the  mouth  of  the  Yellowstone,  improvement 
of 

at  Atchison,  Kans. ,  improvement  of...... ......... 

at  Cedar  City,  Mo. , examination  of. ............ 

at  Cedar  Citv.  Mo.,  ininrovement  of  ..   ........... 

at  Fort  Leavenworth,  Kans.,  improvement  of 

ftt  fvl  Aftfrn'w.  Ikf n. .  im'nmvATne'n  t  of  . 

at  Junction  of  Kansas  River,  examination  of 

at  Kansas  City,  Mo.,  improvement  of 

at  Nebraska  Citv.  Nebr..  imorovement  of.... ...... 

at  Omaha.  Nebr..  imorovement  of. 

at  Saint  Charles,  Mo.,  examination  for  improve- 
ment  

at  Saint  Josenh.  Mo.,  imnrovement  of. ............ 

at  Sioux  Citv.  Iowa,  imnrovement  of ........... 

at  Vermillion.  Pak..  improvement  of. ............. 

survey  of,  from  its  mouth  to  Sioux  City,  Iowa 

remarks  on  imnrovement  of.... .. .... ..... .... .... 

Mobile  Harbor,  Ala. ,  improvement  of. 

Monongahela  River,  improvement  of.... .............. 

Mount  Vernon,  Ya.,  improvement  of  channel  at 

Monroe  Harbor,  Mich.,  improvement  of.... ............ 

Moosebec  Bar,  Jonesport,  Me.,  examination  and  survey 
of 

Monistique  River,  Mich.,  examination  and  survey  of.. 

\fovnhlA  t\nm  tkt  TitLvia.  lAlAnil.  Ohio  River .      . 

Movable  dam.  Upper  Fox  River,  Wis.,  project  for 

Muddv  River.  Kv..  examination  and  survev  of......... 

MnskefiTon  Harbor.  Mich. .  imnrovement  of - ...... 

M^inkiufum  River.  Ohio,  examination  of-,,-. ...... .... 

Muscatine,  Iowa,  improvement  of  harbor  at 

Nansemond  River,  Va. ,  improvement  of 

Nantucket  Harbor,    Mass.,  examination  and  survey 
of 

Narracransett  Bav.  R.  I.,  imnrovement  of.... ...... . 

Nanticoke  River,  DeL  and  Md.,  examination  and  suj^ 
vey  of. -. 

Nebraska  City,  Nebr.,  improvement  of  Missouri  River 
at , 

Natchez.  Miss.,  nrotection  of  harbor  at 

Neches  River,  Tex.,  improvement  of. .................. 

Neches  River,  Tex.,  examination  and  resurvey  of 

Neuse  River,  N.  C,  eTaniinatiou  of.  ...r^.-.....^..x-.... 

Neuse  River,  N. C,  improvement  of. .............. .... 

New  Bedford  Harbor,  tfass.,  improvement  of..... 

New  Buffalo  Harbor,  Mich. ,  improvement  of 

Newburyport  Harbor,  Mass.,  improvement  of 
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New  Castle,  Del.,  ice-harbor  at 

New  Haven  Haroor,  Conn.,  improvement  of 

New  Orleans,  La.,  imj^vement  of  harbor  at 

New  River,  Va.  and  West  Va.,  improvement  of 

New  River,  Va.  and  West  Va.,  survey  of 

New  Rochelle,  K.  Y.,  improvement  at 

Newtown  Creek,  N.  Y.,  examination  of,  at  junction  with 
East  River ! 

Nomini  Creek,  Va.,  improvement  of 

Norfolk  Harbor,  Va. ,  improvement  of 

Northeast  River,  Md.,  examination  and  survey  of 

North  Landing  River,  Va.,  examination  of 

North  Landing  River,  Va.  and  N.  C,  improvement  of-. 

Norwalk  Harbor,  Conn. ^  improvement  of 

North  River  Bar,  Currituck  Bound,  N.  C,  improve- 
ment of 

Nottoway  River,  Va.,  examination  and  survey  of 

Noxubee  River,  Miss.,  examination  and  survey  of 

O. 

Oakland  Harbor,  San  Francisco  Bay,  Cal.,  improve- 
ment of 

Oak  Orchard  Harbor,  N.  Y.,  improvement  of. 

Obey's  River,  Tenn.,  examination  of 

Ocooquan  River,  Va. ,  improvement  of. 

Ocmmgee  River,  Ga.,  improvement  of 

Oconee  River,  Qa.,  improvement  of 

Oconto  River,  Wis.,  examination  and  survey  of 

Office  of  the  Chief  of  Engineers 

Officers  of  the  Corps  of  Engineers,  number  of,  duties  of. 

Ogdensbnrg  Harbor,  N.  Y.,  resurvey  of - 

Offdensburg  Harbor,  N,  Y.,  improvement  of.  .^ 

Onio  River  and  mouth  of  Little  Kanawha  River,  W. 
Va.,  for  ice-harbor,  &c.,  examination  and  survey  of. 

Ohio  River,  improvement  of 

Ohio  River,  improvement  of  Falls  of 

Olcott  Harbor,  N.  Y.,  improvement  of. 

Omaha,  Nebr.,  improvement  of  Missouri  River  at 

Onancock  Harbor,  Va.,  improvement  of 

Onancock  Harbor,  Va.,  examination  of 

Ontonagon  Harbor,  Mich.,  improvement  of 

Oostenaula  River,  Ga.,  improvement  of 

Osage  River,  Mo.  and  Kans.,  improvement  of 

Oswego  Harbor,  N.  Y.,  improvement  of 

Otter  Creekj  Vt.,  improvement  of 

Ouachita  River,  Ark.  and  La.,  imorovement  of 

Outlet  of  Lake  Wlnnepesaukee,  N.  H.,  examination 
and  survey  of 

Outlet  to  Wolf  Lake,  Ind. ,  examination  and  resurvey  of. 

Pamlico  River,  N.  C,  improvement  of. 

Pamunkev  River,  Va.,  examination  and  survey  of. 

Pascagoula  River,  Miss.,  examination  of. 

Pasci^oula  River,  Miss.,  improvement  of 

Passaic  River,  N.  J.^  improvement  of 

Pass  Cavallo,  Tex.,  improvement  of. 

Patapsco  River,  Md.,  improvement  of 

Patapsco  River,  Md.,  West  Branch,  survey  for  improve- 
ment of 

Patsaligo  River,  Ala.,  examination  of. 

Pawtucket  River,  R.  I.,  improvement  of 

Pea  River,  Ala.,  examination  and  survey  of 
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Pearl  River,  Miss.,  examination  of * 

Pearl  Riyer,  Miss.,  improvement  of. 

Pee  Dee  Hiver,  N.  C,  examination  of 

Pee  Dee  River,  8.  C.,  examination  and  survey  of 

Penobecot  River,  Me^  improvement  of 

Pensaoola  Harbor,  Fla..  improvement  of 

Pentwater  Harbor,  Mien.,  improvement  of » 

Pere  Marquette  Harbor,  Mich,  (see  Lndington) 

Perquimans  River,  N.  C.,  improvement  of 

Petaluma  Creek,  Cal.,  examination  and  survey  of. .... 

Plattsburgh  Harbor,  N.  Y.,  improvement  of 

Pier  and  bulkhead  lines  of  Baltimore  Harbor,  report  on. 

Plymouth  Harbor,  Mass. ,  improvement  of. 

Pocomoke  River,  Md. ,  improvement  of 

Port  Chester  Harbor,  N.  ¥.,  improvement  of 

Port  Clinton  Harbor,  Ohio,  improvement  of. 

Port  Jefferson  Harbor,  L.  L,  N.  Y,,  improvement  of. .... 

Portland  Harbor,  Me. ,  improvement  of 

Port  Qrford,  Oreff.,  examination  o^  for  harbor  of  refuge. 

Portsmouth  HarDor,  K.  H., survey  of. 

Portsmouth  Harbor,  N.  H., improvement  of. 

Port  Royal  River,  S.  C,  examination  and  survey  of.... 

Port-warden's  line  at  Philadelphia 

Port  Washington  Harbor.  Wis.,  improvement  of. 

Providence  River,  R.  L,  improvement  of 

Provincetown  Harbor,  Mass.,  improvement  of 

Public  Buildin«^  and  Grounds,  District  of  Columbia. .. 
Pultneyville  ^urbor,  N.  T. ,  improvement  of. 

Quincy,  His.,  examination  of  Mississippi  River  at 

Quincy,  His,  improvement  of  Mississippi  River  at 

Queenstown,  Md.,  improvement  of  harbor  at 

Racine  Harbor,  Wis.,  improvement  of 

Rahway  River,  N.  J.,  improvement  of. 

Rahway  River,  N.  J.,  examination  of 

Rappahannock  River,  Y a. ,  improvement  of. 

Rmtan  River,  N.  J.,  improvement  of 

ReconnaJHsances  ana  explorations 

Red  River,  La.: 

examination  for  improvement  of  &lls  of 

improvement  of  upper 

examination  of  upper 

improvement  of  mouth  of 

removing  snags  from 

Red  River  Raft,  La.,  removal  of. 

Red  River  of  the  North,  improvement  of 

Reedy  Island,  Delaware  River,  ice  harbor  at 

Reservoirs  at  sources  of  Mississippi  River,  survey  for  .. 

Richmond's  Island^  Me.,  harbor  of  refdge  at 

River  and  harbor  improvements 

Roanoke  River,  N.  C,  Improvement  of 

Rock  Island  Bridge,  ebeer-booms  at 

Rock  Island  Rapids,  Mississippi  River,  improvement  of. 

Rogue  River,  Oreg;,  examination  of 

Rondout  Harbor,  N.  Y.,  improvement  of 

Sabine  Pass,  Tex.,  improvement  of 

Sabine  River,  Tex.,  improvement  of 
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Sabine  River,  Tex.,  examination  and  resorvey  of ...... 

Sacramento  and  Feather  rirers,  Cal.,  improvement  of . 
Sacramento  Biver.  Cat.,  examination  and  sorvey  of  .... 

Saginaw  Hiver,  Mch. ,  improvement  of. 

Saint  Anthony,  preaervation  of  Falls  of 

Saint  Angustine  Creek,  Ga.,  improvement  of 

Saint  Charles,  Mo.,  examination  of  Missouri  River  at.. 

Saint  Clair  Flats  snip-oanal,  Mich 

Saint  Clair  River  at  the  mouth  of  Black  River,  Mich., 

improvement  of .,... 

Saint  Croix  River,  Me.,  improvement  of 

Saint  Croix  River,  Wis.,  improvement  of 

Saint  John's  River  and  Femandina,  Fla.,  deepening 

inside  passage  between 

Saint  John's  iSver,  Fla.,  examination  of  upper 

Saint  John's  River,  Fla.,  snrvey  and  improvement  of 

bar  at  mouth  of 

Saint  Joseph.  Mo.,  improvement  of  Missouri  River  at .. 

Saint  Joseph's  Harbor,  Mich.,  improvement  of 

Saint  Joseph  Riven  Mich.,  from  mouth  to  Elkhart,  Ind., 

examination  ana  survey  of 

Saint  Louis  Harbor,  Mo.,  improvement  of 

Saint  Mary's  Falls  Canal,  ^tioh.,  oonstruotion  of. 

Saint  Mary's  Falls  Canal,  approaches  to,  survey  of.. .. 

Salem  River,  K.  J.,  improvement  of 

Salem  River,  N.  J.,  survey  and  examination  of 

Saline  River,  Ark.,  examination  of 

San  Buenaventura  Harbor,  Cal.,  examination  of. 

San  Diego  Harbor,  Cal.,  improvement  of 

Sanduslqr  Citv  Harbor,  Ohio,  improvement  of 

San  Joaquin  River.  CaL,  imj^rovement  of 

San  Luis  Obispo,  Cal.,  examination  of  harbor  at 

Santa  Barbara  Harbor,  CaL,  examination  of 

Santee  Riv^  S.  C,  examination  and  survey  of 

Saugatuck  Harbor,  Mich.,  improvement  of 

Savannah  Harbor  and  River,  Ga.,  improvement  of  .... 

Savannah  River,  Ga.,  survey  o^  above  Augusta 

Savbrook  Bar,  mouth  of  Connecticut  River,  jetty  at .. 

Schuylkill  River,  Pa.,  improvement  of.... , 

Scituate  Harbor,  Mass.,  survey  of. 

Scuppemong  River,  N.  C,  improvement  of 

Sea-coast  and  lake-frontier  defenses « 

Sebewaing  Harbor,  Mich.,  resurvey  of 

Secretary  Creek,  Md.,  examination  and  survey  of 

Seekonk  River,  R.  I.,  improvement  of 

Sheboygan  Harbor^  Wis.,  improvement  of 

Sheepshead  Bay,  N.  Y.,  examination  of 

Sheer-booms  at  Rock  Island  Bridge,  construction  of 

Shenandoah  River,  Ya.  and  W.  va.,  examination  and 

survey  of 

Ship  Canal  between  Delaware  and  Chesapeake  Bays, 

survey  for 

Ship  Canal  across  Bergen  Neck,  N.  J.,  examination  and 

survey  for 

Ship  Canal  from  Saint  Mary's  River,  Fla.,  to  the  Gulf 

of  Mexico,  survey  for..' 

Shrewsbury  River,  N.  J.,  improvement  of 

Bioux  City,  Iowa,  improvement  of  Missouri  River  at.. . 

Bipsey  River,  Ala. ,  examination  and  survey  of. 

Blaughter  Creek,  Md.,  examination  and  survey  of 

Sna^^ats  on  the  Mississippi,  Missouri,  and  Arkansas 

Rivers 

Snake  River,  Wash. ,  improvement  of. 

Sodus  Harbor,  N.  Y.,  Great,  improvement  of. 

Sodas  Harbor,  N.  Y.,  Little,  improvement  of 
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Sonth  Haven  Harbor,  Mich.,  improvement  of 

South  River,  N.  J.,  examination  and  survey  of 

Sonthport  Harbor.  Conn.,  improvement  of 

Staten  Island,  N.  T.,  improvement  of  New  Jersey  Chan- 
nel  

Staunton  River,  Va.,  improvement  of 

Staunton  River,  Ya.,  examination  of 

Stonington  Harbor,  Conn.,  improvement  of 

Sturgeon  Bay  Canal,  Wis.,  harbor  of  refhge  at 

Superior  Bay  and  entrance,  Wis.,  improvement  of .... . 

Superior  Bay  for  harbor  improvement,  examination  and 
survey  of 

Survey  of  northern  and  northwestern  lakes  and  of  the 
Mississippi  River ^ 

Surveys  and  examinations  for  improvement  of  rivers 
and  harbors,  estimates  for 

Surveys  and  explorations  40th  parallel,  completion  of . . 

Surveys  and  explorations  west  of  the  100th  meridian.. . 

Susquehanna  River.  Pa.,  examination  and  survey  of . .. 

Suwannee  River.  Fla.,  examination  of ^ 

Susquehanna  River,  near  Havro  de  Grace,  Md.,  im- 
provement of  

Swanton  Harbor,  Vt.,  improvement  of 

T. 

Tallahatchie  River,  Miss.,  examination  of.... 

Tallahatchie  River,  Miss. ,  improvement  of 

Tampa  Bay,  Fla.,  examination  of 

Tangipahoa  River,  examination  of 

TarKiver,  N.  C,  improvement  of 

Tar  River,  N.  C,  examination  of 

Taunton  River,  Mass.,  improvement  of 

Tchefnncta  River,  La.,  examination  and  survey  of. .... 

Tchula  Lake,  Miss.,  examination  and  survey  of 

Teche  Bayou,  La.,  examination  and  survey  of 

Tennessee  River  above  Chattanooga,  improvement  ol .. 
Tennessee  River  below  Chattanooga,  improvement  of.. 

Tiokfiftw  River,  La.,  examination  and  survey  of. 

Thames  River.  Conn^  improvement  of 

Thunderbolt  River^  Gfa. ,  improvement  of 

Toledo  Harbor,  Ohio,  improvement  of 

Tombigbee  River,  Ala. ,  improvement  of 

Tombigbee  River,  above  Columbus,  Miss.,  improvement 

of 

Tone's  Bayou,  La.,  closing  of 

Tone's  Bavou,  La.,  examination  of 

Torpedo  defense 

Troad  Haven  Creek^  Md.,  examination  and  survey  of.. 

Trout  River,  N.  C,  improvement  of 

Trent  River,  N.  C,  examination  of 

Trinidad  Harbor,  Cal.,  examination  and  survey  of 

Trinity  River,  Tex.,  examination  and  resurvey  of 

Trinity  River,  Tex^  improvement  of 

Tuckahoe  Creek,  Md^examination  and  survey  of. 

Two  Rivers  Harbor,  Wis. ,  improvement  of 

V. 

IJmi>qua  River,  Orog.,  &c.,  examination  and  survey  of. 
Upper  Columbia  and  Snake  Rivers,'  Orog.,  and  Waish., 

improvement  of. 

Upper  Mississippi  River,  improvement  of 

Upper  Willamette  River,  Orog.,  improvement  of. 

Urbana  Creek,  Va.,  improvement  of 
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T. 

Venice.  111.  examination  of  Mississippi  Riyer  at 

Vermillion  Harbor,  Ohio,  improvement  of 

Vicksborg,  Miss.,  impiovement  of  harbor  at 

Vermillion,  Dak.,  improrement  of  Missoori  RiTer  at ... 

Wabash  River,  Ind.,  impiovement  of 

Waccamaw  River,  W.  C,  survey  of 

Wachita  River,  Ark.  ana  La.,  improvement  of 

Waddington  Harbor,  N.  Y.,  improvement  of 

Wareham  Harbor,  Mass.,  improvement  of 

Warrior  River,  Ala.,  examination  and  survey  of 

Washington  and  Georgetown  Harbors,  D.  C,  improve- 
ment of 

Washington  Aqueduct,  D.  C 

Wateree  River,  S.  C,  examination  and  survey  of 

Water  communication  between  Gulf  of  Mexico  and  At- 
lantic Ocean,  survey  for 

Water  communication  between  Norfolk,  Va.,  and  the 
Atlantic  Ocean  south  of  Hatteras,  survey  for 

Water  conmiunication  between  Delaware  and  Chesa- 

W[>eake  bays,  surveys  for 
ater-gauges  on  Blississippi  River  and  tributaries 

Waukegan  Harbor,  HI.,  examination  and  survey  of 

Westport  Harbor,  Mass. ,  survey  of 

White  River  at  Buffalo  Shoal,  Ark.,  improvement  of. .. 
White  and  Saint  Francis  rivers,  Axk.,  improvement  of., 

White  River  Harbor,  Mich.,  improvement  of 

White  River,  Ind.,  examination  of 

White  River,  Ind.,  improvement  of 

Wicomico  River,  Md.,  improvement  of..... 

Willamette  River,  Lower,  Oreg.,  improvement  of 

Willamette  River,  Upper,  Oreg.,  improvement  of 

Wilmington,  Cal.,  construction  of  breakwater  at 

Wilmington  Harbor,  DeL,  improvement  of 

Wilson  Harbor,  N.  Y.,  improvement  ol 

Winnepesaukee  Lake,  N.  H.,  outlet  of,  examination 

and  survey  of 

Wisconsin  and  Fox  rivers,  improvement  of 

Withlacoochee  River,  Fla.,  examination  and  survey  of. 
Wolf  Lake  Outlet,  Ind.,  examination  and  resurvey  of.. 

Wolf  River,  Wis.,  examination  of 

Woodbridge  Creek,  N.  J.,  examination  of 

Woodbridge  Creek,  N.  J.,  improvement  of 

Wood's  Holl,  survey  of 

Wood's  Holl  Harbor,  Mass.,  improvement  of 

Y. 

Yadkin  River,  N.  C,  improvement  of 

Yadkin  River,  N.  C,  examination  of 

Yallabusha  River,  Miss.,  examination  and  survey  of 

Yazoo  River,  Miss.,  improvement  of 

Yel  lowstone  River,  improvement  of 

YeUowstone  River,  survey  of 

Yellowstone  River,  examination  and  continuing  survey 

of , 

York  River,  Va.,  survey  of 
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